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PREFACE

This report is an interim product of a joint effort of the Department
of Health and Human Services and the National Bureau of Standards (NBS),
Center for Fire Research. The program is a multi-year activity initiated in
1975. It consists of projects in the areas of: decision analysis, fire and
smoke detection, smoke movement and control, automatic extinguishment, and
behavior of institutional populations in fire situaﬁions.

This report describes a computer program which analyzes pressurized
stairwells and pressurized elevators. The program was initially intended as
a research tool to investigate the feasibility of specific systems. How-
ever, this program may be of interest to design engineers responsible for
pressurized stairwells or pressurized elevators.
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A COMPUTER PROGRAM FOR ANALYSIS OF PRESSURIZED
STAIRWELLS AND PRESSURIZED ELEVATOR SHAFTS

John H. Klote

Abstract

Pressurized stairwells and pressurized elevators
can be used as a means of providing a smoke free exit
route during fire situations. This paper describes a
computer program which analyzes systems intended to
pressurize stairwells or elevator shafts. The basic
assumptions and limitations of the program are also
discussed. The appendices contain a program listing

and examples.

Key words: Air movement; computer programs; egress;
elevator shafts; escape means; modeling; pressurization;

simulation; smoke control; stairwells.

1. INTRODUCTION

Pressurized stairwells are being used as a means of providing smoke
free exit routes during fire situations. A discussion of several designs
for pressurized stairwell systems is provided by Benjamin and Klote [l]l.
In addition, the concept of pressurized elevator shafts has gained consider-
able interest as a means of fire escape for the handicapped. The purpose of
the program described in this paper is to calculate the pressure differentials
produced by such systems. Because a stairwell or an elevator shaft is
connected to a building, the program calculates air flows and pressure
differentials throughout the building in order to obtain the differential
pressures across the stairwell or elevator. '

A number of computer programs have been developed which are applicable
to smoke control. Some of these programs calculate steady state air flow
and pressures throughout a building [2,3]. Other programs go beyond this to
calculate smoke concentrations throughout a building that would be produced
in the event of a real fire [4-9]. 1In general, most of these programs are
capable of analyzing pressurized stairwells and'pressurizéd elevators.
However, the program described in this paper has been specifically written
for analysis of pressurized stairwells and elevators. The data input has

1Numbers in brackets refer to the literature references listed at the end of

this paper. 1



been designed to minimize the quantity of required data and still maintain a
high level of generality in the model. The output consists of the differen-
tial pressures across all of the building shafts in addition to the flows
and pressures throughout the building. 1In addition, the assumptions and
limitations of the program discussed in the next section were chosen specif-

ically to allow modeling of pressurized stairwells and pressurized elevators.

This program was intended primarily as a research tool to investigate
the feasibility of specific systems and to determine the interaction between
these systems and the rest of the building. This program has already been
used to analyze pressurized stairwells without vestibules and to evaluate
factors which affect the performance of these systems [10]. It is also
possible that the program may be used as a design tool directly or to generate
quantities of design data. This paper is not intended to be a design guide
for either pressurized stairwells or pressurized elevators. The state-of-
the-art of these systems is still developing and designers of these systems

should seek the most current data available.

2. PROGRAM CONCEPT

In this computer program a building is represented by a network of
spaces or nodes each at a specific pressure and temperature. The stairwells
and other shafts are modeled by a vertical series of spaces, -one for each
floor. Air flows through leakage paths from regions of high pressure to
regions of low pressure. These leakage paths are doors and windows which
may be opened or closed. Leakage can also occur through partitions, floors,
exterior walls and roofs. The air flow through a leakage path is a function
of the differential pressure across the leakage path.

In this computer model air from outside the building can be introduced
by a pressurization system into any level of a shaft or even into other
building spaces. This allows simulation of stairwell pressurization, eleva-
tor shaft pressurization, stairwell vestibule pressurization and even eleva-
tor lobby pressurization. The pressures throughout the building and flow
rates through all the flow paths are obtained by solving the air flow net-
work including the driving forces such as the wind, the pressurization

system or an inside outside temperature difference.



3. ASSUMPTIONS AND LIMITATIONS

1. Each space is considered to be at one specific pressure and one specific
temperature.

2. The flows and leakage' paths are assumed to occur at mid-height of each
level.

3. The net air supplied by the air handling system or by the pressurization
system is assumed to be constant and independent of building pressure.

4. The outside air temperature is assumed to be constant.

5. The barometer pressure at ground level is assumed to be standard
atmospheric pressure (101325 Pa). The results of the program are not
very sensitive to changes in atmospheric pressure. For altitudes
considerably different from sea level the more accurate value can be
substituted by changing an assign statement in the subroutine INPUT.

4. EQUATIONS

A. Flow equation
where:

F = mass flow rate

C = flow coefficient

X = flow exponent

AP = differential pressure across flow path

The following equation has been used by Sander and Tamura [3] for
corrections for flows not at standard conditionsz.

X 1—2X
c=c, (59 (ﬁ—)
le) o

where:

Co = flow coefficient at standard conditions

p = density of entering air
2This relationship was originally derived by Tamura and Wilson [11].
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density of air at standard conditions

©
Il

dynamic viscosity of entering air

=
]

dynamic viscosity of air at standard conditions

=
I

This author has observed that the dynamic viscosity is proportional to
absolute temperature to the 3/4 power in the range of -40°C to 60°C (-40°F
to 140°F) with a maximum error of 1.2 percent. Using this and the fact that
density is inversely proportional to absolute temperature the above relation

reduces to a function of temperature only.

To) -7
c=c, (T—) (3.2)
where:
T = absolute temperature of entry air
T = standard absolute temperature

(o]

B. Mass Balance Equations

For building compartment3 i
No No
Fiig * > Foii * Fery = O (3.3)
j=1 k=1
and for shafts
N2 Nc No
2 X T Y Foww *Few| =0 (3.4)
i= 1 j=1 k=1
where:
F(i,j) = mass flow rate from space j to space i. For building

compartments this flow can be either horizontal or vertical,
however for shafts this flow can only be horizontal.

Fo(i k) = mass flow rate from direction k outside of the building to
space i.

3In this paper the term building compartment refers to a space in a building

other than in a shaft.



Ff(i) = net mass flow rate of air due to the air handling system or
due to a pressurization system.

N = number of building spaces connected to space 1i.
N = number of connections to the outside from space 1i.

N1 is the space number at bottom level of shaft and the spaces in the
shaft are numbered consecutively up to N2 which is the space number at
the top of the shaft.

C. Shaft Pressures

The following relation is used to calculate the gage pressure, P(i)’ at
level i of a shaft in terms of P(i—l) at level i - 1.

Piy = Pi-1) ~ B, ~ P¢ (3.5)
where:

Pz = hydrostatic pressure difference

Pf = pressure loss due to friction

The following equation is used to calculate the hydrostatic pressure.

D
P = |h,., -h,._ (3.6)
z RT ( (1) (i 1J
where:
h,. = height of point i

(1)
h(i—l) = height of point i-1

g = gravitational acceleration
R = gas constant
T,., +T,.
T - (1) (1~-1)
2
P,., + P,.
B - _ (i) (i-1) , »

2 b
Pb is a constant used to convert an average gage pressure to the average
absolute pressure P.

The following equation is used to calculate the pressure loss due to friction.



Fu 2
Pf =S -c—;' (3.7)

where:

]
]

upward flow from i-1 to i in shaft
C_ = shaft flow coefficient
S

= sign of Fu

D. Outside Pressures

Outside pressures can either be entered by the user or can be calculated by
the following method.
+ Cw P (3.8)

Pori) = Pn(i) v(i)

where:

Po(i) = outside gage pressure at height h(i) above absolute pressure at
ground level.

Ph(i) = hydrostatic pressure difference between h(i) and ground level

P = velocity pressure due to the wind at height h(i)

v(i)

Cw

pressure coefficient

Because the outside temperature is constant

- -gh(d)} .
Pr(i) = Patm ®¥P RT__. Py (3.9)
where:
Patm = absolute barometric pressure at ground level
Tout = outside absolute temperature

When the outside pressures are calculated by the computer the wind
velocities are assumed to be described by the power law.

h \n
vV =V_ ()
o ho
where:
Vo = wind velocity at height hO
n = wind exponent



This relationship has been extensively used to describe the boundary-
layer velocity profile of the wind near the surface of the earth. This
equation assumes that the terrain surrounding the building is homogeneous.
That is, that there are no large obstructions near the building which could
produce local wind effects. A value of 0.16 for the wind exponent is appro-
priate for flat terrain. The wind exponent increases with rougher terrain.
For very rough terrain such as urban areas a value of 0.40 would be
appropriate.

The equation for the velocity pressure at height h(i) is obtained by
substituting the velocity from the power law into the usual relation for

velocity pressure (P = l pv2) .

( (1)) (3.10)

where p is the outside air density.

The pressure coefficients are in the range of -0.8 to 0.8 where positive
values are for windward walls and negative values are for leeward walls.
The pressure coefficient depends upon building geometry and varies locally
over the wall surface. Numerical values for CW and n as well as practical

engineering information is available from a number of sources [12-15].

5. PROGRAM DESCRIPTION

This program is written in the computer language FORTRAN V specifically
for use on the UNIVAC 1108. A program listing is provided in appendix D.
The following is a detailed description of the main program and the major
subroutines.

5.1 Main Program

This program was written to handle four different run types as follows:

1. RUN: In this run type subroutine INPUT is used to read data and then
the pressures and flows are calculated and printed. After this, the
subroutine INPUT2 is used to read modifications to existing data or to
determine if execution should be terminated. Under this run type, if
modifications were read then the pressures and flows are again calcu-
lated and printed. Any number of modified data sets can be determined
and solved in this manner.



2. RUN 1: This run type is similar to the one above except that no
solutions for pressures and flows are produced for modified data read
under the subroutine INPUT2. A solution is obtained for the original
data read under subroutine INPUT. ’

3. TEST: In this run type data are read and tested but no solutions are
produced. Run types 2 and 3 can be used to test input data which are
to be used later under another run type and under a low cost priority.

4, FIND F: In this run type, the rate of pressurization air necessary to
produce a specific pressure differential across a shaft is determined.

Figure 1 is a flow chart for the main program logic under the conditions
of a run type RUN.

5.2 INPUT Subroutine

This routine reads the data that are necessary for a flow analysis of
the stairwell or elevator, including an analysis of the rest of the building.
These data consist of the following:

1. Outside temperature.

2. Temperature throughout the building.

3. Outside pressures. These can be entered or calculated as described
earlier.
4. Description of the flow network including flow coefficients and flow

exponents for all connections and the net air flows to each space due

to the air conditioning system or due to a pressurization system.

The data above can be entered in either SI units or in engineering
units. There are two modes for the description of the flow network. The
first is a general mode which allows any building geometry and any connec-
tions between building spaces that the user chooses to define. The second
description mode is simplified in that each floor is represented by one
building space and the flow coefficients and exponents are all the same in
the vertical direction unless they are defined by exception to be different.
This simplified data input greatly reduces the quantity of data required to
define a large building. Appendix A contains a detailed description of both
of these methods of input. '



| INPUT Subroutine
Read and Print Data
Initialize Pz Terms

1

CORR Subroutine

Figure J.

— BLDGP Subroutine

Calculate Flow Coefficients
Corrected for Temperature

\

INIT Subroutine
| Initialize Pressures

91

Solve Pressures in Building Spaces

\

SHAFTP Subroutine
Solve Pressures in Shafts

BLDGP &
SHAFTP

PZAD Subroutine
Calculate Pz Terms

EXCESSIVE
ITERATIONS

[ WRITE DIAGNOSTIC |

\

OUT Subroutine
Print Output

Ppr——

INPUT 2 Subroutine

Determine if Another
e :

Solution is Desired

With Modified Data

Flow chart for main program logic under a run type RUN.



In addition to reading data, this subroutine provides temperature and
pressure data as well as a complete description of the flow network. This
routine also calculates initial estimates of the hydrostatic pressure
differences. When data is entered in engineering units the subroutine UNITS
is called which converts all units to the SI system.

5.3 CORR Subroutine

This routine calculates flow coefficients corrected for the temperature
of the entering air using eg. (3.2). Two sets of these corrected coefficients

are calculated for each flow path to allow for flow in either direction.

5.4 INIT Subroutine

This routine calculates initial estimates of the building pressures by
a technique used by Sander [2]. In this technique, mass flows are considered
linear functions of differential pressure and therefore the flow equations
can be expressed and solved in matrix form. In this estimate, shaft pressures
are considered hydrostatic. The resulting pressures form a starting point
for the iterative solution which follows.

5.5 BLDGP Subroutine

The iterative solution for the building pressures and flows consists of
the three subroutines BLDGP, SHAFTP and PZAD. The subroutine BLDGP operates
on the building compartments sequentially. The sum of all the mass flows
into compartment i is calculated. If the absolute value of this sum is less
than a convergence limit then eq. (3.3) is considered satisfied and the
computer proceeds to the next compartment or returns to the main program.
However, if the absolute value of the sum is greater than the convergence
limit, then an improved estimate of the pressure at compartment i is obtained
by the regula falsi method [16]. When none of the pressures need to be
modified this routine passes a convergence signal to the main program.

5.6 SHAFTP Subroutine

The structure of this routine is very similar to that of BLDGP except
that it operates on shafts sequentially. The sum of all the mass flows into
shaft i is calculated. If the absolute value of this sum is less than the
convergence limit then eq. (3.4) is also considered satisfied and the com-
puter proceeds to the next shaft or returns to the main program. However,
if the absolute value of the sum is greater than the convergence limit, then
improved estimates of the shaft pressure are calculated. This is done by

10



changing the pressures at the bottom of the shaft and then recalculating the
shaft pressure by eq. (3.5). Again the regula falsi method is used, and if
none of the shaft pressures need to be modified a convergence signal is
passed to the main program. It can be seen from figure 1 that if convergence
is achieved in both BLDGP and SHAFTP, then the subroutine OUT will print the
solution. Otherwise, the hydrostatic pressure differences are adjusted in
the subroutine PZAD.

5.7 PZAD Subroutine

This routine calculates hydrostatic pressure differences by eq. (3.6)
using the most recent pressure estimates.

5.8 OUT Subroutine

This routine outputs mass flows and pressurés for the flow network as
well as the differential pressures across each shaft. If the data input was
in engineering units then the subroutine UNITS is called to convert variables
to the engineering system before output.

5.9 INPUT2 Subroutine

This routine reads modifications to the flow network. The modifications
can consist of changes in the net flow to a stairwell or elevator pressurization
system or of changes to flow coefficients between either between building
spaces or to the outside. After the modifications are read, a solution to
the new flow network is obtained.

6. FUTURE DIRECTION

In the future it is planned to analyze pressurized stairwell systems
with pressurized vestibules as has already been done for systems without
vestibules [10]. 1In addition, the use of this program is a part of a large
project to study the feasibility of using pressurized elevator shafts for
fire evacuation of the handicapped. The further development of this program
so that it can easily be used as a design tool is being considered. However,
this development would depend upon the determination that a real need exists
for such a design tool.
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APPENDIX A. DATA INPUT DESCRIPTION

Data input consists of the following elements:

Initial data
Building heights

Temperature profiles

Outside pressure profiles
General flow network input

Abbreviated flow network input
FIND F data
INPUT2 data

O N o U W N
.

Each of these input elements is described in detail in the following
sections. Elements 1 through 4 are always required. The flow network can
either be defined by a general method of input using element 5 or by an
abbreviated method using element 6. The virtue of the abbreviated method is
that less data are required. In the abbreviated method each floor is repre-
sented by one space and flow coefficients and net flows are all the same
vertically. However, the abbreviated flow network input element also allows
a number of specific exceptions to this simple model.

Element 7, FIND F data, is used for a FIND F run type. Element 8,
INPUT2 data, is used to modify the existing data for another analysis. 1In
the following sections the input required for each of the eight data elements
is described in detail. Each block or group of blocks below represent an input
card. Unless otherwise stated these cards are unformatted, that is the
numbers do not have to be placed in specific columns of the card. However,
separate pieces of numerical data must be separated by one or more spaces.
Examples of input data are provided in Appendix B.

1. Initial data

run typel either RUN, RUN 1, TEST, or FIND F (col. 1-6 must start in
col. 1)

project title (col. 1-72)

Al



outside unit indication summary output

temperature (°C,°F) (1 for SI, 2 for Eng) (0 for none, or file number)2

2. Building heights

N, no. of building input paiameter
levels (either 0 or 1)

If input parameter = 0, then heights for each building level are to be
individually inputed as follows:

by h2) h (3 (i) by

n)

where H(i) is the height of the center of level i above the ground (m, ft).

If input parameter = 1, then the following card must be entered.

h(l) distance

between floors (m, ft)

3. Temperature profiles

no. of temperature profiles

1All net flows are inputed at standard conditions of 21°C (70°F) and 1

atmosphere.

2The user must assign this file before program execution.

A2




For each temperature profile the following data must be supplied.

no. of temp. 1level temperature level temperature level temperature
points no. (°c, °F) no. (°C, °F) no. (°c, °F)

4. Outside pressure profiles

N
po
no. of outside input parameter
pressure profiles (either 0 or 1)

If the input parameter = 0, each outside pressure profile is entered as
follows:

Fo(1) Fo(2)  Fo(3) o (i) Fony)

where Po(i) is the outside pressure at level 1i.

If the input parameter = 1, the outside pressures are calculated and the
following data are required.

Vo ho n
wind height at which wind
velocity velocity is measured exponent

pressure coefficients for each pressure profile

Cw(1) Cw(2) Cw (Npo)

A3



5. General flow network input

5.1 General building data

N
no. of building input parameter
compartments (0 signals non-abbreviated input)

0

For each compartment the following data must be supplied.

N N F temperature compartment
no. ofScon- no. of°con- net §1ow profile level
nections to nections to (2/s, cfm) number
other spaces the outside

For each connection between this compartment and other spaces in the building
the following connection data are required.

number of C 3 X
connected flow cQefficient flow exponent
space

For each connection to the outside the following connection data are required.

outside pressure _ c X
profile number flow c8efficient flow exponent

5.2 General shaft data

no of shafts

3All flow coefficients are entered for standard conditions of 21°C (70°F) and
1 atmosphere. The units for all flow coefficients are 2%s~!(Pa)!~X or cfm

("Hp0) 1=X,
A4



For each shaft the following data are required.

shaft title (col 1-18)

c bottom top level temperature
shaft %low level of shaft of shaft : profile
coefficient number

For each level of this shaft the following data are required.

N ' N

F
no. of conngctions no. of conflections - net ﬁass
to other spaces to the outside flow (2/s, cfm)

For each connection between this level of the shaft and other building

spaces the following data are required.

no. of other Co X
spaces - flow coefficient flow exponent

For each connection between this level of the shaft and the outside the
following data are required.

outside pressure : c_. . X
profile number flow coefficient flow exponent

A5



6. Abbreviated flow network input

6.1 Specific building data

N
no. of flcoors input parameter
in building (1 signals abbreviated input)

1

The following data are entered only once because it is the same for all
floors of the building except at locations where specific exceptions are
defined.

N no. of the Cc X no. of
no. of°con- temperature flow c8efficient flow exceptions
nections to profile through floors . exponent
the outside through floors

For each connection to the outside the following data is required.

outside pressure X
profile number flow coefficient flow exponent

For each exception the following data is required.

exception type building level
(1, 2 or 3) for the exception

The next card depends upon the exception type. For exception type = 1, a
net flow is defined for this building level.

Fe
net flow for
building level (%/s, cfm)

A6



For exception type = 2, an exception to an outside connection is defined.

no. of outside Cc X
pressure profile flow coefficient flow exponent

For exception type = 3, a new compartment'is added at the building level.
In this case the following cards are needed to define this new compartment.

N
flow coefficient flow no. of Sonnections
between new compartment exponent to the outside
and rest of the floor

Each of the outside connections is defined as follows.

outside pressure X
profile number flow coefficient flow
exponent

6.2 Specific shaft data

no. of shafts

For each shaft the following data are required.

shaft title (col 1-18)

CS - bottom level top level temperature
shaft ™ flow of shaft of shaft profile number
coefficient

A7




The following data are entered only once because it is the same for each

level of the shaft except at locations where specific exceptions are defined.

No Ff C flow no. of
no. of con- net mass flow c8efficient exponent exceptions
nections to flow to building

the outside (2/s, cfm)

For each outside connection the following data are required.

outside pressure (o] X
profile number flow coefficient flow

exponent

For each exception the following data are required.

exception type level of
(1, 2 or 3) shaft

The next card depends upon the exception type. For exception type = 1, an

exception is defined to the net flow into the level of the shaft.

Fe
net mass flow
(2/s, cfm)

For exception type = 2, an exception is defined to the outside connection
for this shaft.

outside pressure Cc X
profile number flow coefficient flow
exponent

A8



For exception type = 3, an exception is defined to the flow coefficient
between the shaft and the building.

C
flow clefficient

7. FIND F input.

For a FIND F run type the following data is required.

shaft level desired differential convergence
number of shaft - pressure across limit
' shaft

—

8. INPUT2 data

This routine is used to modify the existing data for a rerun.

N If N = 900, program
no. of execution is stopped.
modifications

For each modification the following data are entered.

modification Is B
type Integer real
number

For modification type = 1, the net flow (Ff = B) at each level of shaft, IS,
is changed.

For modification type = 2, the flow coefficient (Co
of shaft IS and the building is modified.

B) between each level

For modification type = 3, the flow coefficient (Co B) to the outside is
changed for each outside connection from shaft IS. However, if IS = 0, then
the flow coefficient for each outside connection from all building compart-

ments is modified.
A9



For modification type = 4, the flow coefficient (Co = B) between two spaces

(Is and JS) is changed. 1In addition to the modification type, IS and B the
second space number is entered on the next line. ‘

Js
second space
number

Al0
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APPENDIX B. INPUT EXAMPLES

1. Example 1

A ten story building with a pressurized stairwell and no vertical leakage

within the building is heated to 70°F when the outside temperature is -20°F.
The stairwell temperature is 60°F at the tenth floor and 50°F at the bottom
floor. The stairwell is pressurized by a net 400 cfm* per floor. The wind
is 30 mph at a height of 30 ft and the wind exponent is 0.14. This building
has connections to the outside in two directions. The flow coefficients are
the same vertically and are listed in table Bl and the flow exponents are

expected to be 0.5.

Connection Co' flow coefficients*
location cfm per /"HZO
Between stairwell & 900
building
Between building & 800
outside into the wind
Between building & 800
outside away from
the wind

Table Bl. Flow coefficients for example 1.

1.1 General Input

In the general flow network input the building compartments can be located on
any floor and there can be any number of compartments per floor. In this
case there is only one compartment per floor so the floor levels are chosen

to agree with the compartment numbers.

Therefore, space 1 through 10 refer to floors 1 through 10 and spaces 11
through 20 refer to the spaces in the stairshaft. Connections between two
spaces only need to be defined for one of the spaces. 1In this example the
connections between the building and the shaft are all defined for the shaft

spaces.

*
At standard conditions

Bl



RUN
Aindtial {EXAMPLE OF GENERAL FLOW NETWORK INPUT
data -20 2 0
building 10 1
heights 5 10
tempenratune 2
profiles 1 1 70
2 1 60 1 50
outside 2 1

pressune 30 30 .15
progiles {0.7 -0.7

Genenat
building
data 10 0
181 0 2 0 1 1
§Loon 1 800 .5 :
2 800 .5
2nd 0 2 0 1 2
§Loon 1 800 .5
2 800 .5
3nd 0 2 0 1 3
§Loon 1 800 .5 :
2 800 .5
4th 0 2 0 1 4
§Loon 1 800 .5
2 800 .5
5th 0 2 0 1 5
§Loon 1 800 .5
2 800 .5
b6th 0 2 0 1 6
fLoon 1 800 .5
2 800 .5
7th 0 2 0 1 7
g§Loon 1 800 .5
2 800 .5
§th 0 2 0 1 8
§Loon 1 800 .5
2 800 .5
9th 0 2 ] 1 9
g§Loon 1 800 .5
2 800 .5
10th 0 2 0 1l 10
§Loon 1 800 .5
8 800 .5

B2



Genenal

shagt
data 1
STAIRWELL
72000 1 10 2

184 1 0 400
§Loon 1 900 .5
2nd (1 0 400
§Loonr 1 900 .5
3nd 1 0 400
§Loon 1 900 .5
4th 1 0 400
§Loon 1 900 .5
5th 1 0 400
§Loon 1 900 .5
6th 1 0 400
§Loon ‘ 1 900 .5
7th 1 0 400
§Loon 1 900 .5
§th 1 0 400
§Loon 1 900 .5
9th 1l 0 400
§Loon 1 900 .5
10th { 1 0 400
§Loon 1 900 .5
end {900

data

1.2 Abbreviated Input

This problem can also be solved by use of the abbreviated flow network input.
This reduces the quantity of data required and to that extent reduces the
chance of input error. The abbreviated data is as follows:

RUN
Andtial EXAMPLE OF ABBREVIATED FLOW NETWORK DATA
data -20 2 0
buitding 10 1
hedights 5 10
ZXempenature 2
profiles 1 1 70
2 1 60 1 50
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outside 2 1
pressure 30 30 .15
progiles 0.7 -0.7

abbreviated 10 1
building 2 1 0 .5 0
data 1 800 .5
2 800 .5
abbreviated 1
shagt STAIRWELL
data 72000 1 10 2
0 400 900 .5 0
end - { 900
data !

1.3 Example 1 Output

The output for this example is the same for both‘these forms of input. This
example output is given in appendix C.

2. EXAMPLE 2

This is a 30 story building which is 70°F inside. The outside the air
temperature is -5°F and there is no wind. This building has a stairwell and
an elevator. The flow coefficients which are generally the same vertically
are listed in table B2 and the flow exponents are taken to be 0.5.

Connection location C° flow coefficient*
cfm per /“HZO

Between stairwell & 900
building

Between building & 1600
outside

Between elevator & 1600
building

Table B2. Flow coefficients for example 2.

*
At standard conditions

B4



In this example a total of four separate cases are analyzed. These cases

are:

1. First floor outside door open.

2. First floor outside door closed.

3. First floor door between the elevator and the buiiding open.

4, Stairwell pressurized at a rate of 900 cfm* per floor and all doors
closed.

2.1 Example 2 - Input

The last three cases are handled by the use of the INPUT2 routine. The data
are as follows: :

RUN
Andtial EXAMPLE INPUT -~ 30 STORY BUILDING
data -5 2 0
buitding 30 1
heights 5 10
temperatune 1
progile 1 1 70
outsdide 1 1
presdsune 0 1 1
data 1
abbreviated |30 1
buitding 1 1 0 0 1
data 1 1600 .5
2 1
1 25000 .5
(2
Abbreviated shagt 1 STAIRWELL
Shagt Data 72000 1 30 1
0 0 900 .5 0]

80000 1 30 1

shaft 2 ELEVATOR
0 0 1600 .5 0

Case 2:
mod{fication
type 3

w =

0 1600

*
At standard conditions
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Case 35:

modification 1
type 4 { 4 1 25000
31
Case 4:
modification 2
types 2 and 1 { 2 1 900
1l 1 400
end { 900
data

2.2 Example 2 Output

The output for example 2 case 1 (the data above not including modifications
for Case 2, 3 and 4) is given in appendix C.
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APPENDIX D. PROGRAM LISTING
MAIN PROGRAM

INBS*PL 1B8$ +SHOW As MAIN

ﬂnnnnnnnnnnnnnf\n-‘\nnnnnnnnnnnnf\nnnnnnnnnnnnnnnnr\nnnnnnnnn

COMPUTER PROGRAM FOR AIR FLOW ANALYSIS IN BUILDINGS
SPECIFICALLY FOR ANALYSIS OF PRESSURIZED STAIRWELLS
AND PRESSURIZED ELEVATORS

PROGRAM VARIABLES

c

co
cs

E

F

FC
FF
FO
Fss
H
1BUG
1CONV

IFLOOR
17
1TS
Jc
Joc

N

NC
NCO
NFS1
NFS2
NH
NPO
NS
NS1
NS2
NT
NTP

=

PFO
°0

PsS

PZ

T
TITLE
TITSH

X0

FLOW COEFFICIENT BETWEEN BUILDING POINTS
FLOW COEFFICIENT TO OQUTSIDE

FLOW COEFFICIENT OF SHAFT

LIMIT WITHIN WHICH CONVERGENCE IS ACCEPTABLE
NET FLOW INTO POINT I

FLOW BETWEEN INTERNAL POINTS

FIXED FLOW INTO POINT I

FLOW TO OUTSIDE

NET FLOW INTO SHAFT IS

HEIGHT FROM GROUND TO MIDPGINT OF FLOOR
OUTPUT VARIABLE

INTEGER USED IN SUBROUTINES BLOGP AND SHAFTP
IF ICONV = 0 THEN THE PRESSURES WERE UNCHANGED
FLOOR LEVEL WHERE POINT IS LOCATED

POINTER TO TEMP PROFILE FOR POINT I

POINTER TO TEMPERATURE PROFILE OF SHAFT
POINT NOe CONNECTED TO POINT I

DIRECTION OF OUTSIDE CONNECTION

NOe OF BUILDING COMPARTMENTS

NO. OF INTERNAL POINTS CONNECTED TO POINT I
NOe OF OUTSIDE CONNECTIONS

S0TTOM FLOOR OF SHAFT

TOP FLOOR OF SHAFT

NOe OF FLOORS

NOes OF OUTSIDE PRESSURE PROFILES

NOe OF SHAFTS

I VALUE FOR START OF SHAFT

I VALUE FOR END OF SHAFT

TOTAL NO., OF POINTS (BLDG AND SHAFT)

NOe OF TEMPERATURE PROFILES

PRESSURE AT POINT I

OUTSIDE PRESSURE PROFILES

OUTSINE PRESSURE

PRESSURE PROFILE OF SHAFT = WORKSPACE
PRESSURE DUE TO ELEVATION DIFFERENCE
TEMPERATURE PROFILE ARRAY

PROJECT TITLE

SHAFT TITLE

FLOW EXPONENT TO INTERIOF POINTS

FLOW EXPONENTY TO OUTSIDE

PROGRAM PARAMETERS

mMa
MM
MS
MC
MPO
MTP

MAX NOe OF BUILDING COMPARTMENTS

MAX NQOeo OF POINTS

MAX NOe OF SHAFTS

MAX NOs OF CONNECTIONS FOR ANY POINT
MAX NOe OF QUTSIDZ PRESSURE PROFILES
MAX NCe. OF TEMPERATURE PROFILES
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20

00
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MAIN PROGRAM

MFL MAX NOe OF FLOORS

PARAMETER MM=220¢MS=24MC=44MP0O=2,MTP=2,MFL=105,MB=105

COMMON NTo P(MM) s C(MMoMC) yNC(MM) ¢ JC{MMyMC)y ITS(MS),
FC(MMoMC) o PZ(MMyMC) 2 PO(MMoMPO) sCO( MMo MPO) o F(MM) s PFO(MF L, MPO) ¢
FF(MM) o FO(MM s MPQ) s CS(MS) s PS(MFL ) +NS1(MS) s NS2(MS ),
FSS(MS)oNgNS sNPOs ICONVE s IBUGs X (MMsMC) s XO(MM4MPO) s TITSH(MS,3)»
NH,H(MFL) , IFLOOR(MM) s T(MTP 4MFL) s NFS1(MS) ,NFS2(MS)e IT(MB) ¢NTP
o NCO(MM) o JOC(MMgMPO) » TOUT

DOUBLE PRECISION PoPDLPS

COMMON /RUN/IRUN

DATA MRUN/6HRUN /

DATA MRUN1/6HRUN1 /

DATA NTEST/6HTEST /

DATA NFINDF/6HFIND F/

READ ITEST TO DETERMINE RUN TYPE

ITEST = RUN FOR NORMAL RUN

ITEST = RUN1 FOR A NORMAL RUN OF 1ST DATA AND
A TEST OF ALL CTHER DATA

ITEST =TEST FOR A TEST RUN OF ALL DATA

ITEST = FIND F TO FIND FIXED FLOW +FFs FOR A SET PRESSURE
ACROSS A FLOOR OF A SHAFT

READ(So804)ITEST
NITER=500
IRUN=1

CALL INPUT TO READ DATA
CALL INPUT

SET UP FOR FIND F RUN TYPE

IS = SHAFT NOe.

IF = FLOGCR NO.

DPS = SET PRESSURE ACROSS SHAFT IS AT FLOOR IF
EDP = ALLOWABLE CCNVERGENCE LIMIT

IF(ITEST oNEe NFINDF)GO TO 10
READ(59700)IS,IF,DPSL,EDP
IDP=NS1(IS)+IF~-1
JOF=JC(1IDP,1)

10=0

N1=NS1(1S)

N2=NS2(1IS)

WRITE(60807)1S, IF.DPS,EDP
E=042

I1Cs=1

IF(ITEST «EQe NTEST)GC TO 41
IF(IRUN oeGTe 1 ¢ANDe ITEST «EQe MRUN1)GO TO 41

TEMPERATURE CORRECTION
CALL CORR

CALL INIT TO INITIALIZE PRESSURE ARRAY , P
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44

MAIN PROGRAM
CALL INIT

0O LOOP TO 30 IS ITERATIVE SO
DO 30 ITER=1,NITER

CALL BLDGP TO SOLVE FOR BUILDING PRESSURES
CALL BLOGP
1C8=ICONV
IF(ICB «EQe 0 ¢ANDe ICS +EQe 0)GO TO 40

CALL SHAFTP TO SOLVE FOR SHAFT PRESSURES
CALL SHAFTP
ICS=ICONV .
IF(ICB +EQe O «ANDe ICS oEQse 0)GO TO 40

CALL PZAD TO CALCULATE PZ TERMS

CALL PZAD
CONTINUVE

IF ROUTINE FAILS TO CONVERGE IN NITER
ITERATIONS PRINT ERROR MESSAGE

WRITE(69800)
CONTINUE
WRITE(6¢801)ITER
GC TO S0 FOR FIND F RUN TYPE

IF(ITEST oEQe NFINDF)GO TO 50

CALL OUT TO OUTPUT SOLUTION

CALL OUT
IF(ITEST «EQe NFINDFIWRITE(6+806)IS.FM
IF(ITEST eEQe MRUN)WRITE(6,805)

CALL INPUT2 TO CHECK IF ANOTHER RUN IS REQUIRED
WITH MODIFIED DATA

CALL INPUT2
IF(ITEST oeNEe NFINDF)GO TO 20

ZERO FF FOR SHAFT IS FOR 1ST ITERATION OF A NEW FIND F RUN TYPE

DO 44 T=N1.N2
FF{I)=0e
CONTINUE

I1Q=0

GO 70 20
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51

53
54

56

aoanooon
0 ®
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860

801
804
805
806
807

808
809
900

SELECTION OF NEW FIXED FLOW

DPM=P(INP)-P(JDP)-DPS
I1Q=1Q+1

IF(IQ «GTe 30)GO TO 42
IF(IBUG +EQe 0)GO TO 52

MAIN PROGRAM

+» FM 4o FOR FIND F RUN TYPE

WRITE(6+901)DPM,DP1+DP2,F1,F2,1IDP,J0P

CHECK CONVERGENCE OF DIFFERENTIAL PRESSURE , DPM

IF(ABS(DPM) LTe EDP)GO
IF(IQ «NEe 1)GO TO 51
DP1=DPM

F1=0e

FM=500.

GO 70O 58

IF(IQ oNEe 2)GO TO 53
IF(DPM oLTe 0)GO TO 42
GO TO 54

TO a2

IF(DPM*%DP1 oGTe 04)GO TO 56

DP2=DPM
F2=FM

FM=SQRT((F1%F1 )=-DP1%(F2*%F2-F1%F1)/(DP2-DP1))

GO TO 58
DP1 =DPM
F1=FM

FM=SQRT((F1%F1)-DP 1*(F2%F 2=-F1*F1)/(DP2-DP1))

ASSIGN FM TO FF FOR SHAFT IS

DO 59 I=N1.N2

FF(I)=FM

IF(IBUG +EQe 0)GO TO 60
WRITE(6+900)FM

I1Cs=1

IF(IQ «GTe 3)GO TO 24
GO TO 22

END OF SELECTION OF MEW FF FOR FIND F RUN TYPE

FORMAT STATEMENTS

FORMAT( )

FOFMAT(//777/5X+35(1H1)//5X,
+3SHFAILURE NOF MAIN PROGRAM TO CONVERGE //5X+35(1H1)/7)
FORMAT( 10X+ 1545Xe 1 1HITERATIONS )

FORMAT (AG)
FORMAT(1H1)

FORMAT (10X ,20HFIXED FLCOW IN SHAFT +12+3H IS+F8e2/1H1)
FOFMAT(10(/) s10X+28HRUN TO DETERMINE FIXED FLOW

1 18HPER FLOOP 1IN SHAFT

9 12/710Xy

2 41HSC THAT THE PRESSURE DIFFERENCE AT FLOOR ,13,
3 2H ISsFBe2,7H PASCAL/10GX28HWITH A CONVERGENCE LIMIT OF

4 F8eSo7H PASCAL,10(/))
FORMAT(10Xo10HNET FLOWS
FORMAT(/10Xs15SHNET FLCW
FORMAT (10X +4HFM =,F10.2)

/7/78(6X+s1HIs4X+3HNF ) /)

SHAFT
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%* MAIN PROGRAM

901 FORMAT(//10Xe SHOPM =9E12649¢2Xo5HDP]1 =9E12¢492Xs SHDP2 =9 E1244
+ /10Xo4HF1 =9E126492X94HF 2 =9E1204¢2XsSHIDP =414,2XSHJDP =,184)
END

DHOGe P % SUBROUTINE INPUT ol ol

D5



SUBROUTINE INPUT

DNBS*PL IBS$«SHOW A« INPUT

aNeNeNel

N 00

DOOOOOOOOOOOO DN

[aNeNeNaNs)

89

Q7

SUBROUT INE INPUT

THIS RCUTINE READS AND PRINTS DATA
AND INITIALIZES PZ ARRAY

PARAMETER MM=220sMS=24MC =4 4MPO=2sMTP=2,MFL=105,MB=105

COMMON /PZ2Z/ PGZ

COMMON ZI0/TITLE(12) s I0OUT, IUNITNCOMP (MFL )y SNCOMP(MFL )

COMMON NTo P(MM) C(MM4MC) JNC(MM) 3 JC(MM MC) 4 ITS(MS),
FC(MMoMC) o PZ{MMyMC),PO(MMsMPO) yCO(MMaMPD) s F(MM) , PFO(MFL,MPO)
FF(MM) g FO(MM, MPD) ¢ CS(MS) PS{MFL ) ¢NS1(MS) 4 NS2(MS),
FSS(MS)oNogNS yNPOs ICONVSIE s IBUGs X(MMMC) o XO(MM MPOD) s TITSHI(MS,3)»
NHyH(MFL ) s IFLOOR(MM) s TIMTP MFL)sNFS1(MS) 4 NFS2(MS)e IT(MB)¢NTP
o NCO(MM) o JOC( MMy MPO) o TOUT

DOUBLE PRECISION PoPQO.PS

DIMENSION IT(MFL)s TTIMFL) sPAR(7)+sCW{MPO)PHIMFL) ¢NZZ{MM)

DATA PAR/3H MM,3H MS,3H MC 3HMPO,3HMTP,3HMFL.3H MB/

DATA I18UG/0/

N puNn -

READ AND WRITE PRQOJECT TITLE

READ(So600)(TITLE(ID)s1I=1,12)
WRITE(60601)(TITLE(I)sI=1,12)

READ GENERAL DATA

TOUT = OUTSIDE TEMPERATURE
IUNIT = 1 FOR SI UNITS

2 FOR ENG UNITS

IOUT = 6 FOR NO SUMMARY OQUTPUT
OTHERWISE IOUT IS FILE NOe. TO
WHICH SUMMARY QUTPUT 1S WRITTEN

]

READ(Se700)TOUTLIUNITLICUT
WRITE(60411)TOUTSIUNITLIOUT
IF(IUNIT ¢GTe 2 o0Re IUNIT oLTe 1)GO TO 105

REAC HEIGHTS
NAN=0 FOR INPUT OF ALL HEIGHTS
NN=1 FOR CALCULATION OF HEIGHTS

READ(S, 700 )NH NN
WRITE(Gp412)NHNN

IF(NH oLEe MFL)GO TO 89
IPAR=6

GO TO 110

IF(NN oEQe 1)G0O TO 97
REAC(5,700) (H(I), I=14NH)
WRITE(60413)(H(I1)o I=19NH)
GO YO 99
REAC(5¢700)H(1),DH
WRITE(60414)H(1)+DH

DO S8 I=2¢NH

IM=1-1

D6
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SUBROUTINE INPUT
H(I)=H(IM)+DH
READ TEMPERATURE PROFILES

REAC(S59 700 )INTP

WRITE(64415)NTP

IF(NTP oLEe MTP)IGO TO 90

IPAR=S

GO TO 110

DO 3 IP=1gNTP

READ(Se TOOINNN (II(J)eTT(J)sJ=1+NNN)
WRITE(GoA16INNNS(TII(JI)+sTT(J)eJI=1sNNN)
IF(NNN oGTe 1)GO TO 2

DO 1 IFF=1,NH

T(IPIFF)=TT(1)

GO TO 3

J=1

JP1=2

DO 4 1IFF=19eNH
T(IPQIFF)=TT(J)+(TT(JPI)-TT(J))*(IFF—II(J))/(II(JPI)°II(J),
IF(IFF oNEe. II(JP1))GO TO 4

IF(JP1 +EQe NNN)GO TO 4

J=JP1

JP1=J+1

CONTINUE

CONTINUE

READ OUTSIDE PRESSURE PROFILES
NN=0 FOR INPUT OF ALL PRESSURES
NN=1 FOR CALCULATION BY POWER LAW

READ(55 700)NPO,NN
WRITE(6¢417)NPO.NN
IF(NPO LEe MPO)GO TO 91
1PAR=4

GO TO 110

IF(NN +EQe 1)GO TO 81

READ ALL OUTSIDE PRESSURES

DO € I=1¢NPO

READ(S9700) PGZ+(PFO(Js 1) eI=1sNH)
WFITE(60418)PGZs(PFO(Js1) sJ=14sNH)
GO TO 85

CALCULATE OUTSIDE PRESSURES
PATMOS IS ATMOSPHERIC FRESSURE (PA)

READ(Se700)VWsHW s XWs (CW(TL)4s1I=1,NPO)
WRITE(69419)VWsHW s XWe (CW(I)e1I=1,NPO)
IF(IUNIT oEQe 1)VW=VW*0.,2778
IF(IUNIT oEQe 2)VW=VW*044470
PATMOS=101325.

TOO=TOUT+273.

IF(IUNIT ¢EQe 2)TOC=(TOUT+460¢)/148
PVA=176¢4%VWkVW/T0OO

==003417/T700

D7
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SUBROUTINE INPUT

IF(IUNIT «EQe 2)Z=0,3048%Z
CWM=CW(1) '

IF(NPO «EQe 1)GO TO 212

DO 211 I=1,NPQ

IF(CW(I) oLTe CWM)CWM=CW(I)

CONTINUE
PGZ=PATMOS*EXP(H(NH)*Z)+CWM*PVA* ( (H(NH) ZHW ) %% (2 «%XW))=100.
DO 210 1=1,NH

PH(I)=PATMOS*EXP(H(1)%*2Z)

CONTINUE

DO 82 I=1¢NPO

DO 82 J=14NH

PFO(Jo I)=PH(JDI+CW(TI*PVAR((H(JI) /HW) k% (2e%XW)) -PGZ
CONTINUE

EUILDING DATA INPUT
NFLS = NOes OF FLOORS IN BUILDING
IF1 = LOWER FLOOR IN SERIES OF SIMILAR FLOORS

IF2 = UPPER FLOOR IN SERIES OF SIMILAR FLOORS
NCC = NOe. OF COMPARTMENTS PER FLOOR
NZ = NOes OF CONNECTIONS TO COMPARTMENTS ON SAME FLOOR
NA = NOes OF CONNECTIONS TO COMPARTMENTS ON FLOOR ABROVE
I1=0
SNCCMP(1)=0,
READ(Ss 700INFLS
WRITE(69420)INFLS

IF(NFLS oGTe NH)GO TO 10€
READ(Se 700)IF1, IF2,NGC
WRITE(69400)IF1,1F2,NOC

IF(IF1l oGTe 1IF2)GO TO 107

NCOMP (IF1)=NOC

IFP=IF1+1
SNCCMP(IFP)=SNCOMP(IF1)+NOC

DO 10 IZ=1¢NOC

I=1+1

READ(So VOO )INZsNAJNNOFF(I)eIT(I)
WRITE(G60401)INZsNASNNOFF(I)LIT(Y)
NZZ(1)=NZ

NN=NZ+NA

IFLCOR(I)=1IF1

IF(NN oLEe MC)GO TO 111

IPAFR=3

GO TO 110

IF(NNC oLEe MPO)GO TDO 112

IPAR=4

GO TO 110

IF(IT(I) «GTe NTP eORe IT(I) 4LTe 1)GO TO 102
NC( I)=NN

IF(NZ <EQe 0)GO TO 63

INPUT CONNECTIONS TO CGMPARTMENYS ON SAME FLOOR
READ(S50700)(JC(TI9J)eC(IJ)eX(IeJ)eJ=1,N2Z)
WRITE(6,402)

WRITE(69403)(JC(14J)sC(TeJ)eX(14+J)sJI=14N2Z)
DO €2 J=19NZ
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SUBROUTINE INPUT

JC(I0J)=JC(IoJ)+SNCOMP(IF1)
IF(NA +SQe 0)GO TO 8

INPUT CONNECTIONS TO COMPARTMENTS ON FLOOR ABOVE

NP=NZ+1

READ(S¢e7006)(JC(10J)eC{TI9J)eX(IsJ)eJIJ=NP,NA)

WRITE(65404)

WRITE(6'4°3)(JC(I!J)QC(IQJ,QX(IOJ),J=NPQNA)

20 66 J=NP4NA

JC(ToJ)=JC (19 J)+NCCMP(IF1)+SNCOMP(IF1)

NCO(TI)=NNO
IF(NNO +EQe 0)GO TO 10

INPUT CONNECTICN TO OUTSIDE

READ(5¢700) (JOC(IsJJ)sCO(T0JJ) e XO(14+JJ)9JI=1,NNO)

WRITE(6,405)

WRITE(64403)(JOC(I9JJ)9CC(19JJ)eX0(1eJJ)oJI=1oNNO)

DO S JJ=19NNO

J=J0C(1IsJJ)
PO(19JJI)=PFO(IF1,J)
CONTINUE

IF(IF1 o«NEe IF2)GO TO 11
IF(IF1 «EQe NFLS)GC TO 20
GO TO 19

ASIGN DATA FOR FLOORS SIMILAR TO FLOOR IF1

IFP=IF1+1

DO 17 IFF=1FP, IF2
NCONP (IFF)=NOC
IFFF=IFF+1

SNCCMP(IFFP)=SNCOMP(IFF)+NOC

DO 16 1Z=14NOC

I=1+1
I1=1Z4+SNCOMP(IF1)
IFLOOR(I)=IFF
FF(I)=FF(I1)
IT(I)=IT(I)
NN=NC(11)

NNO=NCO(1I1)

NC( I)=NN

NCO(I)=NNO

IF(IFF oNEe NFLS)GC TO 23
NN=NZZ(1I1)

NC(I)=NN

IF(NN EQe 0)GO TO 14
DO 12 J=1sNN
C(leJd)=C(11pJ)
X(I9J)=X(11,J)

JC(10J)=JC(I14J)+SNCOMP(IFF)=SNCOMP(IF1)

CONTINUE

IF(NND oEQe 0)GO TO 16
DO 1S JJ=1.NNO
JOC(IoJJ)=30C(1I1,4JJ)
J=JCC(1e9J)
CO(1eJJ)=CC(11,4JJ)

D9
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SUBROUT INE INPUT

X0(1oJJ)=X0(I194J)
PO(IoJJ)=PFO(IFF,J)
CONTINUE

CONTINUE

IF(IF2 «EQe NFLS)GC TO 20
CONTINUE

GO 70O 7

N=1

N2=N

IF(N oLEe MB)GO TO 114
IPAR=7

GO 70 110

SHAFT DATA INPUT

REAC (50 760)NS

IF(NS oLEe MS)GO TO 113

IPAR=2

GO 70 110

DO 100 IS=14.NS
READ(Sc603)(TITSH(ISsI)s1I=1,3)
WRITE(60406)(TITSH(IS,1)s1=1,3)
READ(So700)CS(IS) ¢ NFS1({IS) ¢NFS2(IS),ITS(IS)
WRITE(69407)CS(IS)sNFS1(IS)NFS2(IS),ITS(IS)
N1=N2+1

N2=N1+NFS2 (IS)~NFS1(IS)

NS1(IS)=N1

NS2 (IS)=N2

IFF=NFS1(1IS)-1

READ(So 700)NNO s FFF ¢ JCP 4 CC 9 XX s NNN
WRITE(69408)NNDOsFFF ¢ JCP sCC 9 XX o NNN

IF(NNC «EQe 0)GO TO 21

READ(Se700) (JOCINL 9J) +CO(N1+sJ) s XO(N15J)eJ=1,NNO)
WRITE(€0403) (JOCIN19J)oCUINL19J) s XO(N1,J)sJ=1,NNO)
DO 24 I=N1,N2

NC(I)=1

NCO (I)=NNO

IFF=IFF+1

IFLOOR(I)=IFF

JC(1o1)=JCP+SNCOMP(IFF)

C(Iol1)=CC

X(Io1)=XX

FF(I)=FFF

IF(NNDO .EQse 0)GO TO 24

DO 22 J=1,4NNO

JI=JOC(NL1, J)

POCIeoJI=PFO(IFFeJIJ)

JOC(1Io4)=JJ

CO(1oJ)=CO(N1,J)

XO0(Ie JYI=XO(N1,J)

CCNTINUE

EXCEPTIONS TO GENERAL SHAFT INPUT
NNN = NQe OF EXCEPTIONS

KE = 1 FCR FF EXCEPTICN

KE = 2 FOR OUTSIDE CONNECTION

KE 3 FOR INTERNAL CONNECTION

D10
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42

43
44

47

46

49

S1

52

54

SUBROUTINE INPUT

IF(NNN oEQe 0)GO TO 100
DO €9 IK=1sNNN
REAC(5¢7060)KE, IFF
WRITE(60409)KE, IFF
I=NS1(IS)+IFF=NFS1(1S)
IF(KE +EQs 1)GO TO 41
IF(KE «EQe 2)GO TO 42
IF(KE +EQe 3)GO TO S1
GO TO 104
READ(S,700)FF (1)
WRITE(64410)FF(I)

GO T0O 69
READ(50700)J,CCC,yXXO0
WRITE(64405)
WRITE(69403)J+CCO,XX0
NNC=NCO(1)

IF(NNC EQe 0)GO TO 44
D0 43 K=14,NNC
IF(JOC(1gK) «EQe J)GO TO 46
CONTINUE

NJO=NNC+1

NCO(1I)=NJO
PO(IoNJO)=PFO(IFF,J)
JOC(IgNJO)=J
CO(IoNJO)=CCO

X0( IoNJO)=XXO

GQ TO 69

NJO =K

KK=K+1 .

IF(CCO oNEe 0)GO TO 47
NJC=NNC~-1

NCO(I)=NJO

IF(NJO +EQe 0)GO TQ 69
DO 49 K=KK,NNC

Kq=K=1
PO(1eKM)=P0O(1¢K)
JOC(IoKM)=J0OC(1,4K)
CO(IoKM)=CO(1,4K)
XO(IeKM)=X0O(1,4+K)

GO TO 69
READ(S0700)JCP+CCy XX
WRITE(60402)
WRITE(60403)JCPoCCo XX
J=JCO+SNCOMP(IFF)
NN=NC(1I)

IF{NN oEQe 0)GO TO S3
20 €2 K=1,NNC
IF(JC(1oK) oEQe J)GO TO 55
CONTINVE

IF(CC oNEe 00)GO TO 53
WRITE(6+520) IS.KE, IFF
GC TC 69

NJ=NN+1

NC(I)=NJ

JC(IeNJII=J

C(IoNJ)=CC

X(IeNJ)=XX

GO TO 69
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61
69
160

00 - D00

NOONO W

[#Y]

s NaNa N’

77

78
76

79

SUBROUTINE INPUT

NJ=K

KK=K+1

IF(CC oNEe 0,)GC TO 54
NJ=NN=1

NC(1)=NJ

IF(NJ oEQe 0)GO TO 69
DO €1 K=KKsNN

KM=K=1
JC(IoKM)=JC(TIeK)
C(IogKM)=C(1,K)
X(IoKM)=X(14K)
CONTINUE

CONTINUE

NT=N2

IF(NT <LEe MM)GO TO 160
IPAR=1

PRINT QUTSIDE TEMPERATURE

WRITE(64601)(TITLE(I),1=1,12)
TF(IUNIT .EQ: 1)WRITE(6;800)}TOUT
IF(IUNIT ¢EQe 2)WRITE(6,500)TOUT
IF(IUNIT «EQe 2)TOUT=(TOUT=32.)/1.8
TOUT=TOUT+273%

PRINT HEIGHT AND TEMPERATURE PROFILES

IF(IUNIT +ZQe 1)WRITE(6+811)(I9,IP=1,NTP)
IF(IUNIT oEQe 2)WRITE(6+511)(IP,IP=1,NTP)
WRITE(€+813)

DO 30 IFF=14,NH

WRITE(60812)HIIFF) o(T(IP,IFF),IP=1,NTP)

CCNVERT TEMPERATURES TO DEG K

DO 33 IFF=1,NH

DO 33 IP=1e¢NTP :
IF(IUNIT oEQe 2)T(IPLIFF)=(T(IP,IFF)=324)/1.8
TUIFg IFF)=T(IP,IFF)+273,

PRINT OUTSIDE PRESSURE PROFILES

IF(IUNIT «EQe 1)GO TO 79
WRITE(6+514)(IP,1IP=1,NPO)
WRITE(60813)

DO 76 IFF=1,NH

DO 77 J=14NPO

PFO(IFFs J)=PFO(IFF,J)/248.8

L MRITE(60S1S)HCIFF) s (PFO(IFFJ)sJ=1+NPO)

DO 78 J=1oNPO
PFO(IFFoJ)=PFO(IFF,J)%248.8

CONTINUE

GO 70O 83

WRITE(6o,814)(1IP,IP=1,NPO)

WRITE(€,813)

DO 31 IFF=1,NH
WRITE(6¢81S)H(IFF) 4 (PFOCIFF 4J)4J=1,4NPO)
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58
60

DO 0N

SUBROUTINE INPUY

CONTINVE

CCRRECT FOR CONNECTICNS ONLY INPUTED ONCE

N0 60 I=14NT

NN=NC(T1)

IF(NN EQe 0)GO TO 60
DO 58 JJ=1NN
J=JC(1o9J)

IF(J «EQe 0)GO YO S8
NNJ=NC(J)

IF(NNJ oEQe 0)GO TQ S7
DO S6 IA=1,NNJ
IF(JC(JoIA) «EQe 1)GO TO 58
CONTINUE

NNJ=NNJ+1

IF(NNJ oLEes MC)GO TO 59
IPAR=3

G0 TO 110

NC( J)=NNJ

JC(JeNNJII=1
C(JoNNJYI=C(1pJJ)
X{JgNNJII=X(19JJ)

IF(J «GTe N ¢ORe I oGTe N)GO TO S8
PZ(JeNNJII==PZ(1:JJ)
CONTINUE

CONTINUE

CCRRECT UNITS

IFCIUNIT oEQe 2)CALL UNITS

INITIALIZE PZ FOR BUILD CCGMPARTMENTS

DN 40 I=1oN

NN=NC( 1)

IF(NN «EQe 0)GO TO 40

TA=1IT(1)

IFI=IFLOOR(I)

DO 38 JJ=1,sNN

J=JC(1eJJ)

I1FJ=IFLOOR(J)

IF(IF1 +EQe IFJ)GO TO 38
18=17T(J)
TEMPA=0eS*(T(IALIFI)+T(IBL1IFJ))
PZ(10JJ)=3a62e%x(H(IFJ)=HCIFI))/TEMPA
CCNTINUE

CONTINUE

INITIALIZE PZ FOR SHAFTS

DO S50 1IS=1,.NS
N1=NS1(1S)
N2=NS2(1S)-1
ITT=ITS{1S)
DO 4S5 I=N1,N2
IFI=IFLOOR(I)
IFJ=IF1+1

D13



* SUEBROUTINE INPUT

TEMPA=0S*(T(ITTo IFI)+T(ITT,LIFJ))
PZ(101)=3462+*%(H(IFJ)=HC(IFI))/TEMPA

45 CONTINUE

so CONTINUE

C

C CHECK SHAFT CONNECTICONS
Cc

DO 240 1S5=1,4NS
N1=NS1(1S)
N2=NS2(1IS)
DO 239 I=N1gN2
NN=NC( 1)
IF(NN +EQe 0)GO TO 239
DO 23€ J=1,NN
JI=JC(IeJ)
IF(IFLOOR(1I) oNEe IFLOOR(JJ))IGO TO 103
236 CONTINUE
239 CONTINUE
240 CONTINUE

RETURN
C
C
C DIAGNOSTIC OUTPUT
C
102 WRITE(60902)I,1IT(1)
GO TO 109
103 WRITE(60903)
GO TO 109
104 WRITE(6:904)
GO TO 109
105 WRITE(69905)
GO 70 109
106 WRITE(€9906)
GO 70O 109
107 WRITE(E€E9907)
GO TO 109
110 WPITE(6s910)PAR(IPAR)
Cc
C PRINT CORRECTED BUILDING DATA
C

109 WRITE(60940)
DO 70 I=1¢N
NN=NC (1)
IF(NN «GTe O0)GO TO 180
WRITE(69941)I1oIFLOCR(I)oIT(I)oFF(I)
GO TO 182
180 WRITE(60942)IsIFLOORCI) s ITII) sFF(I)9JC(I091)9sC(Is1)eX(Is1)
IF(NN +EQ. 1)GO TO 182
WRITE(60943)(JC(IoJ)sC(I0J)eX(IoJd)eIJ=24NN)
182 NNG=NCOD(1)
IF(NNO «EQe 0)GO TO 70
WRITE(6+944) (JOC(T+J)sCO(I4J)4X0(IsJ)sJ=1,NNDO)
o CCNTINUE

PRINT CORRECTED SHAFYT INPUT DATA

YOO N

DO 80 IS=1,NS
WRITE(60816)(TITSH(IS,1),s1=1,3)

D14



* SUBROUTINE INPUT

WRITE(60806)ISoCS(IS)oITS(IS)
N1=NS1(1S)

N2=NS2(1S)

WRITE(6¢807)

DO 75 I=N1,N2

NN=NC(T1)
IF(NN oGT

L]
WRITE(6,801

GO TO 74

72 WRITE(69808)IFLOORCI)+FF{I)sJC(I91)9C(Isl)eX(Is1)
IF(NN «EQ. 1)GO TO 74
WRITE(69809)(JC(T10J)oClTeJ)eX(IgJ)e J=24NN)

74 NNO=NCO(1I)
IF(NNO «EQe 0)GO TO 75 -
WRITE(6+810) (JOC(I14+J)sCO(T4J)sX0O(IsJ)sJI=1,NNO)

0)GO TO
) 1FLOOR

e~
- N

r'd =3 =2 BB 25
L *Pr T \ a2

75 "CONTINUE
80 CONTINUE
STOP
C
C FCRMAT STATEMENTS

C
400 FORMAT(SXoSHIF1 =,13,7Hs IF2 =,1I3,7Hs NOC =,13)
401 FORMAT(SX9 4HNZ =4I3,6H NA = 4I3,7Hs NNO = ,13,6Hs FF =¢F8el,
+ T7H, IT =,13)
402 FORMAT (5X¢ 25HCONNECTION ON SAME FLOOR )
403 FORMAT(S5X9 3HJ =¢I39S5He C =oFB8e1eSHs X =4FSe2)
404 FOF MAT (5X9 2EHCONNECTION TO FLOOR ABOVE )
405 FORMAT(5X9 22HCONNECTICN TO OQUTSIDE )
406 FORMAT(5Xe 3A6)
407 FORMAT (S5Xs 8HCS =3FQels8He NFS1 =313,8He NFS2 =413,7Hs ITS =,13)
408 FORMAT(SXsSHNND =413,7Hs FFF =,F8es195He J =¢I3¢5Hy C =¢ F8e1l,
+ SHe X =9oFSe297He NNN = 413)
409 FOFMAT (SXo 4HKE =413, 7H,s IFF =,13)
410 FORMAT(SXo4HFF =,F8e1)
411 FORMAT (S5Xe 6HTOUT =+F6e0+s9Hs IUNIT =,13,84, I0UT =,13)
412 FOFMAT(SXo 4HNH =¢ I396He NN =913)
413 FORMAT(5Xo THHEIGHTS /(10F8e¢2))
414 FORMAT(SXo6HH(1) =4FB8e2:6Hy DH =4F8e2)
415 FORMAT (6Xo SHNTP =,13)
416 FORMAT(SXs 20HTEMPERATURE PFOFILE /Z15,(10(14,FT7e1)))
417 FORMAT(SXsSHNPO =91346Hs NN =,13)
418 FORMAT(SXoSHPGZ =9¢F12,1/17HPRESSURE PROFILE /(10F12.1))
419 FORMAT (S5Xo 4HVW =¢FE€elo6Hy HW =4FGelsbHs XW =,FA¢2,6Hs CW =,
+ (10F4.2))
420 FORMAT (/5Xes 6HNFLS =,13)
500 FORMAT(//10X+20HOUTSIDE TEMPERATURE 21FHel92H F)
511 FORMAT( /775X s 6HHEIGHT 4 X9 29HTEMPERATURE PROFILES (DEG F) /
+ 7TXs2HF T4 3Xe1916)
514 FORMAT(////5Xo 6HHEIGHT o SXo 26HOUTSIDE PRESSURE PROFILES

1 11+ (IN H20) /7Xes2HFT 43X+ 8110)
515 FORMAT(F1142+3X+8F10e3)
520 FOFMAT{(///75X+1SHERROR IN SHAFT +12,15HEXCEPTION KE = L12,

+ 2X+SHFLOOR ,13/77)
600 FORMAT(12A6)
601 FORMAT(1H1///710X+12A6/7/77)
603 FORMAT(3A6912)
700 FORMAT( )
800 FORMAT(//10X+20HOUTSIDE TEMPERATURE sF6e192H C)

D15



SUBROUTINE INPUT

801 FORMAT(I130F11e1)

806 FORMAT( 10X+ 12HSHAFT NUMBER 514/10Xs 17HSHAFT COEFFICIENTY ,F10.1/
1 10X,20HTEMPERATURE PROFILE 414)

807 FORMAT(/721Xo SHF IXEDe25Xe 4 HFLOWe 12X 4HFLOW/ 10X o SHFLOOR ¢6X ¢
1 4HFLOWeS5Xe12HCONNECTED TO +6Xe11HCOEFFICIENT 46X+ SHEXPONENT
2 /)

808 FORMAT(I13¢F116106XoSHPOINTeISeF16e19F1262)

809 FORMAT(30Xo SHPOINT s ISsF16e14F1262)

810 FORVMAT(30Xe 7THOUTSIDE 4 134,F16e1,F12462)

811 FORMAT( /775X s 6HHEIGHT, SX s 29HTEMPERATURE PROFILES (DEG C) /
+ 7X+2HM 43X91916)

812 FOFMAT(F 11629 3X919F6e1)

813 FORMAT (/)

814 FOFMAT(/7/7/5X +6HHE IGHT 45X+26HOUTSIDE PRESSURE PROFILES
1 11H (PASCALS) /7Xe2HM $3X,8110)

815 FORMAT(F11e¢293X98F10e1)

816 FORMAT(///710X +3A6)

817 FOFMAT(10Xo 45SHFLOW COEFFICIENTS CORRECTED FOR TEMPREATURE )

902 FORMAT(10( /) 910Xl 1HCOMPARTMENT 214/
1 10Xo20HTEMPERATURE PROFILE 214,17H DOES NOT EXIST 7/
+ 10Xe 16HPROGRAM STCPPED 210(/7))

903 FORMAT(10(/)9 S5SXo23HSHAFT CONNECTION ERROR °
1 /10X916HPROGRAM STOPPED 210(7))

904 FORMAT(10(/)910X9e 40HINPUT ERROR IN EXCEPTIONS TO SHAFT DATA
1 /710X916HPROGRAM STOPPED 210(/7))

905 FORMAT(10(/)o10Xe 37HINPUT ERROR IN UNIT TYPE DESIGNATION /
1 10Xo 16HPROGRAM STOPPED +10(7))

906 FORMAT(10(/ )9 10Xe 37ZHINPUT ERROR NOe OF FLOORS EXCEEDS NH /
1 10Xe16HPROGRAM STCPPED 210(/))

907 FORMAT (10(/) 9 10X+ 25HINPUT ERROR IF1 oGTe IF2 /
1 10Xe¢ 16HPROGRAM STCPPED 210(7))

910 FORMAT(10(/)910X9 36HINPUT EXCEEDS DIMENSION PARAMETER sA3/
+ 19Xo16HPROGRAM STOPPED 210(/7))

930 FORMAT(10Xe¢ 3A6) .

935 FORMAT(// 10X.26HFLOW COEFFICIENTS AS READ )

940 FORMAT(10Xo 1SHBUILDING DATA //34X,11HTEMPERATURE 24X s SHFIXEDS
1 12X+2(11X4HFLOW)/10Xs11HCCMPARTMENT ¢4Xo SHFLOORe 6 X9 7THPROF ILE
2 6Xe4HFLOWo S5Xo 1 3HCONNECTICON TO 94Xe 11HCOEFFICIENT 94Xy
3 BHEXPCONENT )

Q41 FOPMAT (/4X931124,F14e1) :

942 FORMAT(/4X03112sF1461 434X sSHPOINTsI17eF11e19sF1361)

943 FORNAT(S8X+SHPOINT s I7,F11e1,F13.1)

944 FORMAT(S8Xe 9HOUTSIDE 0 I30F11619eF1361)
END

DHDGoP *% SUBROUTINE CORR oelol
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SUBROUTINE CORR

DANBS*DL IB$e SHOW A e CORR

e XaXa sl

AOD

®

-0 000

11

(6 I B VI Vg

SUBROUTINE CORR

THIS ROUTINE CALCULATES #LOW COEFFICIENTS
WHICH ARE CORRECTED FOR TEMPERATURE

PARAMETER MM=2209MS=2,MC=4,MPO=2;MTP=2.MFL=105.MB=!05

COMMON /CORR/CI(MM.MC)oCZ(MM.MC)'CDl(MMoMPO)oCOZ(MM.MPO)

COMMON NTy PIMM) »C({MMsMC) sNC(MM) s JC(MMsMC) s ITS(MS )
FC(MM.MC):PZ(MM.MC).PO(MM-MPO)oCU(MMoMPO)oF(MM)oPFO(MFL.MPO)-
FF(MM)oFO(MM.MPO)-CS(MS)oPS(MFL)oNS!(MSloNSZ(MS)0
FSS(MS):N,NS.NPO.ICONV-E,IBUGsX(MM.MC).XO(MM-MPO).TITSH(MS-3)n
NHgH(MFL)cIFLOOR(MM)cT(MTP.MFL)oNFSl(MS)oNFSZ(MS).IT(MB)oNTP
o NCO(MM) o JOC({ MMo MPO) s TOUT

DOUBLE PRECISION PePOsPS

DO 12 I=1oNT

CNRRECT C

NN=NC(1)

IF(I «GTe N)GO TO 1

IP=IT(I)

GO TO 4

DO 2 1S=19NS

IF(I eLEe NS2(IS) eANDe I oGEe NS1(IS))GO TO 3
CONTINUE

WRITE(65700)

STOP

IP=1ITS(IS)

IFF=IFLOOR(I)

T1=T(1P,IFF)

IF(NN oEQe 0)GO TO 10

DG 9 J=1,NN

JJI=JC(1:J)
C1(1J)=C(IoJ)*((294¢/T1)%k%(2e5%X(1+J)=0675))
IF(JJ «GTe N)GO TO S

IP=1T(JJ)

GO TO 8

DO 6 1IS=1¢NS

IF(JJ oLEe NS2(IS) «ANDe JJ oGEe NS1(1S))GO TO 7
CONTINUE

WRITE(69700)

STOP

IP=1ITS(1IS)

IFF=IFLOOR(JJ)

T2=T(1IP, IFF)

C2(T10J)=C(IoJ)%*((294e/T2) *%(2e5%X(14J)=0675))
CCNTINVE

CORRECT CO

NNC=NCCO(1)

IF(NNC +EQe 0)GO TO 12

D0 11 J=1,NNC

CO1 (19J)=CO(19J)*((294¢/T1)*%(2e5*%¥X0(14J)=0e75))
COZ(IoJ)=CO(I.J)*((294./TOUT)**(2.5*X0(IoJ)-O.TS))
CONTINUE
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* SUBROUTINE CORR

12 CONTINUE
RETURN

700 FORMAT(///10X¢ 36HPROGRAM STOPPED IN SUBROUTINE CORR /77)
END

AHNGeP * SUBROUTINE INIT Lol
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* SUBROUTINE INIT

DNBS*PL IB$¢ SHOW ACINIT
SUBROUTINE INIT

THIS ROUTINE INITIALIZES THE PRESSURE ARRAY

[aNa e Ne]

PARAMETER MM=220,MS=2,MC=4,MPO=2,MTP=2,MFL=105,MB=10S

PARAMETER MBP=MB+1

CCMMON NTy P(MM) g C(MMygMC) g NC(MM) 9 JC(MMgMC)o ITS(MS )
FC(MMoMC)oPZ(MMoMC) o PO (MM MPO) 9 CO(MMe MPO) ¢ F( M) 4 PFO(MFL,MPO) »
FF(MM) e FO(MMoMPO) s CS(MS) ¢PS(MFL)sNS1(MS) s NS2(MS),

FSS(MS) ¢NgNS sNPOs ICONVSE +IBUGs X(MMsMC) s XO(MMsMPO) s TITSH(MS,3) »
NHosH(MFL) 4 IFLOOR (NM) s T(MTP 4MFL ) s NFS1 (MS) s NFS2(MS) ¢ IT{MB) ¢ NTP
s NCO(MM) o JOC(MMoMPC)s TOUT

DDUBLE PRECISION PoPO,LPS

DIMENSION SC(MS),SCO(MS)

COMMON /MAT/A(MBsMBP) » XX ( MB) ¢+ NNN

DOUBLE PRECISICN A¢XX

NNN=N

N & Wi -

CALCULATE AVERAGE OUTSIDE PRESSURE

[aNaNse]

SUM=0e.
DO 10 J=1oNPO
DO 10 I=19NH

10 SUM=SUM+PFO(I,+J)
PA=SUM/ (NPO*NH)

THE DO LOOP TO STATEMENT 30 ESTIMATES
SHAFT PRESSURES

s s NaNsNeNe

D0 30 1S=1.NS

CALCULATE SHAFT PRESSURE DIFFERENCE + DP

[aNeNs!

SUM=0.
SUMN=0.
SUMX=0e
NX=0
N1=NS1(IS)
N2=NS2(1S)
DO 18 I=N1oN2
SUNVN=SUM+FF (1)
NN=NC(1)
IF(NN +EQe 00)GO TO 16
DO 15 J=1,NN
SUMX=SUMX4+X(1¢J)
NX=NX+1
SUMN=SUMN+C(I9J)

15 CONTINUE
SC(IS)=SUMN

16 NNC=NCO(1)
IF(NNO oEQe 0)GO TC 18
DO 17 J=1,NNO
SUMX=SUMX+X0(1,J)
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17

18

OO

20

(aNg}

24

[aNaaNeNs!

34

40
42

SUBROUTINE INIT

NX=NX+1
SUMN=SUMN+CO( 1 J)
CONTINUE
SCO(IS)=SUMN-SC(IS)
CONTINUE

AX=NX/SUMX
DP2=SUM/SUMN

SIGN=1.,

1F(DP2 oLTe 0¢)SIGN=-1,
DP=S IGN*(DP2* *AX)

CALCULATE AVERAGE TEMP OF SHAFT

SUM=0,.

IP=ITS(1IS)

DQC 20 I=N1,N2
IFF=IFLOOR(1)
SUM=SUM+T (1P, IFF)
TA=SUM/ (N2=N1+1)

ESTIMATE PRESSURE AT BOTTOM OF SHAFT

HH=0eS* (HINH)=H(1))+H(1)
NF1=NFS1(1IS)

PBOT=PA+DP+3462¢%* (HH-H(NF1))/TA

ESTIMATE OTHER SHAFT PRESSURES

P(N1)=PBOT

NM=N2=1

DO 24 I=N1,NM
IP1=1I+1
P(IP1)=P(1)=PZ(1,1)
CONTINUE

END CF SHAFT PRESSURE ESTIMATES

SET UP MATRIX FOR BUILDING COMPARTMENTS

NP1=N+1

DO 56 I=1¢N

NN=NC(1I)

SUMII=0.

SUMNP=0,

IF{(NN +EQe 0)GO TO 42
DO 40 JJ=1,NN

J=JC(Ie4J)

IF(J «GTe N)GO TO 38
A(loJ)=C(I,9J)
SUMII=SUMII=-C(1,JJ)
SUMNP=SUMNP=C(I+JJ)*¥PZ(1,JJ)
GO TO 490
SUMII=SUMII=C(I,JJ)
SUMNP=SUMNP=C(I,JJ)%P(J)
CONTINUE

NNC=NCO(1)

IF(NND +EQe 0)GO TO 46
DO 4S K=1,NNO

D20
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n

NDONOOOONOWM
rS

VEENHNOOD
[= 2]

801
802
803

SUBROUTINE INIT

SUMII=SUMII-CO(I¢K)
SUMNP=SUMNP=CO(1+K)*PO(I,K)
A(IoI)=SUMII
A(ToNP1)=SUMNP=FF (1)
CONTINUE

WRITE MATRIX

IF(IBUG oEQe 0)GO TO 84
WRITE(6+802)

DO S2 1I=1eN
WRITE(69803)(A(14J)eJ=14NP1)

CALL ROUTINE TO SCLVE FOR INITIAL BUILDING PRESSURES
CALL SIMEQ
OUTPUT INITIAL PRESSURES

IF(IBUG «EQe 0)GO TO 89
WRITE(6+800)
WRITE(69801)(T4XX(1)sI=1,N)
NN=NS1(1)
WRITE(60801)(1sP(I)eI=NNgNT)

ASSIGN BUILDING PRESSURES

DO 90 I=1¢N

PCI)=XX(T)

RETURN

FOFPMAT(///78(6Xs1HI 44X 3HP )/)

FORMAT(8(17+F741))
FORMAT(///710X+20HMATRIX COEFFICIENTS /)

FOFMAT(10Xo11F11le1l)

END

DPHDOGoP * SUBROUTINE BLDGP oLl
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* SUBROUTINE BLDGP

DINBSkPL IBS$e SHOW AeBLDCGP
SUBFOUTINE BLDGP
C
C
C THIS ROUTINE CALCULATES STEADY STATE PRESSURES
C FOR BUILDING CCMPARTMENTS
C
C
C
PARAMETER MM=2204MS=2,MC=4 JMPO=2,MTP=2,MFL=105,M8=105
COMMON NTo P(MM) g C(MMgMC) g NC(MM) s JC{MM,MC) o ITS(MS),
1 FC(MMgMC)oPZ(MM4MC)sPO(MMsMPQO) 4CO(MM,MPO) s F(MM) 4 PFO(MF Ly MPO) »
2 FF(MM)ogFO(MMyMPO) 4CS(MS) +PS(MFL)sNS1(MS) 4NS2(MS),
3 FSS(MS)eNoNS ¢NPOs ICONVSE s IBUGsX(MM4MC) o XO(MMMPO) s TITSH(MS,3),
4 NH H(MFL) sIFLOOR(MM) s TCMTP 4MFL ) sNFS1 (MS) s NFS2(MS)e IT(MB) ¢NTP
S oNCO(MM)y JOC(MMe MPO) o TOUT
DOUBLE PRECISION PeP0O,PS,PI1
IF(IBUG ¢GTe O)WRITE(6+806)
ITM=20
ICONV=0
20 15 I=1,N
C
C CALCULATE NET FLOW +F1, INTO POINT 1
FI=PFLOW(I,P(1))
C
C CHECK MAGNITUDE OF F1
IF(ABRS(FI) LTe E)GO TO 15
ICONV=ICONV+1
C
C SET UP PARAMETERS FOR ITERATION
DOP=1.0
IPHASE=1
DP1=0.
EE=0s2%ABS(F1I)
IF(EE «LTe E)EE=E
SIGN=1
IF(FI oeLTe 06 )SIGN==-1
IK=0
IF{(IBUG ¢GTe O)WRITE(69802)
C
C ITERATICN TO REDUICE MAGNITUDE OF FN
2 IK=1IK+1
C
C NEW ESTIMATE OF PRESSURE +PI, AT POINT 1
PI=P(I)+SIGNXDP
C
C CALCULATE NET FLOW +FNy INTC POINT I USING PI
FN=FFLOW(I,P1)
IF(IBUGeGTeO)IWRITE(6+804) 14 IK4sFIsFNFP4DPI+DP,DPP,P1,1PHASE
C
C CHECK MAGNITUDE OF FN
IF(ABS(FN) LTe EE)GD TO 10
C
C CHECK NUMBER OF ITERATICNS
IF(IK oGTe 1ITM)GO TO 2S5
C
C CHECK PHASE

D22



* SUBROUTINE BLOGP

IF(IPHASE +EQe 2)GO TO 6

C CHECK FOR TRANSITICN FROM PHASE 1 TO PHASE 2
IF(FI*FN oLTe 06)GC TO 4

C PHASE 1
0OPI=DP
DP=5,0%DP
F I=FN
GO TC 2

PHASE 2
IPHASE=2
GO Y0 9
IF(FI%XFN oGTe 06)GO TO 8

> 00

NEW DP BETWEEN DPI AND DP
DPP=DP

FP=FN
DP=DPI+(DPP=DPI1)%F1/(F1=FN)
GO YO 2

o000

NEwW DP BETWEEN DP AND DPP
FI=FN

DP1=DP
DP=DPI+ (DPP=DP I )*FN/(FN=FP)
GO TO 2

10 P(1)=PI

15 CONTINUE

® 00

RETURN
25 WRITE(60800)
sToP

c
C FORMAT STATEMENTS
C
8

00 FOFMAT(//7/710X+20(1H*)///10X22HEXCESSIVE ITERATIONS /
+ 10X 8HIN BLOGP ///10Xs20(3H%X}////77)
802 CEOPMAT(//711Xeo 1HT ¢ 2Xe2HIT 912X e2HF I o13Xe2HF N 13X 2HFP 412X 3HDPI,
+13X s 2HDP 912X ¢ 3HOPP 3 13X ¢ 2HPI 93X ¢ SHPHASE /)
804 FOFMAT(SXo21493E15e404F1566915)
80é FORMAT( ///710Xe 6HBLDGP )
END

AHDGo P * SUBROUTINE SHAFTP olol
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SUBROUTINE SHAFTP

ANBS*OL I1BS$e SHOW Ae SHAFTP

aNeNa N NeaNe)

O0ONNN

(e K]

[ VVIN VI

SUBFOUTINE SHAFTP

THIS ROUTINE CALCULATES STEADY STATE PRESSURES
FOR SHAFTS

PARAMETER MM=220,MS=2,MC=4 MPO=2,MTP=2,MFL=105,M8=105

COMMCN NT, p(MM)oC(MM.MC)QNC(MM’OJC(MMQMC)IITS(MS)'
FC(M“.MC)OPZ(MM.MC)OPO(MM'MPO)OCO(MM.MPD)’F(MM)'pFO(MFL’MpO)O
FF(MM).FO(MMQMPO)’CS(MS).PS(MFL)QNSI(MS)QNSZ(MS)b
FSS(MS).NONS!NPO'ICONVOE’IBUGDX(MM.MC)!xo(MM’MPO)'TITSH(MS.3)O
NHQH(MFL)QIFLDOR(MM).T(MTP.MFL)’NFSI(MS)QNFSZ(MS)'IT(MB)QNTP
o NCO(MM) o JOC(MMo MPO) o TOUT

DOUBLE PRECISION PeP0OsPS,PI ’ : .

IF(IBUG oGTe O)IWRITE(6,806)

I1TM=20

1CONV=0

D0 15 I=1,NS

CALCULATE NET FLOW ,FI, INTO POINT 1
N1=NS1(1)
FI=SFLOW(IsP(N1))

CHECK MAGNITUDE OF FI
IF(ABS(FI) +LTe E)GO TO 15
ICCNV=ICONV+1

SET UP PARAMETERS FOR ITERATION
DP=160

IPHASE=1

DP1I=0e

EE=0¢2%ABS(FI)

IF(EE oLTe E)EE=FE

SIGAN=1

IF(FI oLTe Oe¢)SIGN==-1

IK=0

IF(IBUG «GTe O)WRITE(6,802)

ITERATION TO REDUICE MAGNITUDE OF FN.-
IK=IK+1

NEW EFSTIMATE OF PRESSURE ,PI, AT BOTTOM OF SHAFT 1
PI=P(N1)+SIGN*DP

CALCULATE NET FLOW +sFN, INTO SHAFT I USING PI1
FN=SFLOW(I,PI)
IF(IBUGOGTQO)WPITE(60804)I'IK;FIQFN!FPQDPIQDpoDPDQPXQIPHASE

CHECK MAGNITUDE OF FN
IF(ABS(FN) LTe EE)GO TO 10

CHECK NUMBER OF ITERATIONS
IF(IK +GTe ITM)GO TO 25

CHECK PHASE
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* SUBROUTINE SHAFTP
IF( IPHASE «EQe 2)GO TO 6

C CHECK FOR TRANSITICN FROM PHASE 1 TO PHASE 2
IF(FIXFN oLTe 04)GO TO 4

c PHASE 1
DPI =DP
DP=5,0%DP
FI=FN
GO TOo 2

PHASE 2
IPHASE=2
GO TO ¢
IF(FI*FN «GTe 0e)GC TO 8

&S00

NEW DP BETWEEN DPI AND OP
DPP=DP

FP=FN
DP=DP1+4(DPP=DP I )%F I/(FI=FN)
GO T0 2

oNnNno

NEwW DP BETWEEN DP AND DPP
FI=FN
DPI=DP
DP=DPI+(DPP=DPI )*FN/(FN=FP)
GO TC 2
10 N2=NS2(I)
DO 11 IF=N1lgN2
II=1IF+1=-N1
11 P(IF)=PS(11)
15 CONT INVE

[ Nale]

RETURN
2S5 WRITE(€,800)
STOP

C
C FORMAT STATEMENTS
C
8

0o FORMAT(//7/710X+20(1H%)///710X422HEXCESSIVE ITERATIONS /7
+ 10Xo9HIN SHAFTP ///10Xs20(1H%k)///77/77) .
802 FOFMAT(//11Xo 1HIp2Xo 2HIT 012X 2HF 131 3Xs2HF N+ 13Xe 2HFP 412X 4 3HDOPI,
+13X9o2HDP9 12X ¢ 3HNDPP 4 13X 2HPI 33X s SHPHASE /)
804 FORMAT(8X92T1493E150494F1566,15)
806 FORMAT( //7/710X+ 6HSHAFTP)
END

OHDGs P * SUBROUTINE PZAD oLl
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SUBROUTINE PZAD

INBS*PLIB%+SHOW AePZAD

C
C
C

185
20

800
801
802
803

[T\

SUBROUTINE PZAD
THIS POUTINE CORRECTS PZ TERMS FOR PRESSURE

PARAMETER MM=220,MS=2,MC=4 MP0O=2 ,MTP=2,MFL=105,MB8=105

COMMON NT, P(MM) CI(MMsMC) sNC(MM) 9 JC(MMgMC)p ITS(MS),
FC(MMoMC) g PZ(MMg MC) ¢ PO(MMy MPO) s CO( MM MPO) ¢ F(MM) o PFO(MF Ly MPO) o
FF(MM) o FO(MM MPO) CS(MS) s PSIMFL ) +sNS1(MS) 4 NS2(MS),
FSS(MS) e NeNS ¢NPOs ICONVIE s IBUGs X (MMoMC) ¢ XO(MM,MPO) , TITSH(MS,3),
NHsHIMFL) s IFLOOR(MM) s T(MTP ¢MFL ) 4 NFS1(MS) s NFS2(MS)s IT(ME)sNTP
s NCO(MM) » JOC(MMg MP(O) o TOUT

COMMCN /P22/ PGZ '

DOUBLE PRECISION PyPOgPS

IF(IBUG ¢GTe =2)GO TO 1

WRITE(6,800)

DO 2 1I=1¢N

NN=NC(1)

IF(NN EQe 0)GO TO 2
WRITE(E+801)(1eJsPZ(1sJ)eJ=1,NN)

CONTINUE

NP1 =N+1

WRITE(60802)(ILePZ(1ILo1)e IL=NP14NT)

DO 10 I=1oN

NN=NC(1)

IF(NN +EQe 0)GO TO 10

IA=1IT(I)

IFI=IFLCOR(I)

D0 8 JJ=1,NN

J=J4C(1oJJ)

IFJ=IFLOOR(J)

IF(IFI oEQe IFJ)IGO TO 8

IB=IT(J)

TEMPA=0S*(T(TALIFI)+T(1IB,IFJ))
PAVE=0eS5*(P(I)+P(J))+PGZ
PZ(1eJJ)=(0e03416%PAVE/TEMPA)X(H(IFJ)-H(IFI))
CCNTINUE

CONTINUE

DO 20 IS=14NS

N1=NS1(1S)

N2=NS2(1S)-1

ITT=1ITS(IS)

DO 15 I=N1,4N2

IFI=IFLOOR(1)

1FJ=IFI+}1

TEMPA=0eS*(T(ITTLIFI)+T(ITTLIFJ))

J=I+1

PA=0e5%(P(1)+P(J))+PGZ
PZ(1:1)=(0e03416%PA/TEMPA)X(H(IFJ)-H(IF1))
CONTINUE

RETURN

FORMAT(/10Xe 10HINITIAL PZ /)

FORMAT(10Xo3HPZ(+s1241HeI244H) = sFl12.8)
FORMAT(10Xe3HPZ(912¢6He1) 2Fl2e4)
FORMAT(/10X+11HADJUSTED PZ /)

END
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SUBROUTINE OUT

INBS*PLIB$e SHOW Ae OUT

s NeNeNaNaNe!

ANOOON

e W e lNe]

SUERCQUTINE OUT

THIS ROUTINE OUTPUTS FLOWSAND DIFFERENTIAL PRESSURES
FCR ALL SHAFTS AND BUILDING COMPARTMENTS

PARAMETER MM=2204MS=2,MC=4 ¢+MPO=2,MTP=2,MFL=105,MB=105

COMNVCN /CORR/C1 (MM MC) 4 C2(MM4MC) 9 COL1(MMgMPO)s CO2(MMeMPO)

COMMON  /IO/TITLE(12)o10UTy IUNIToNCOMP(MFL )¢ SNCOMP (MFL)
COMMON NT, P(MM) s C(MMgMC) g NC(MM) g JC{ MMgMC) g ITS(MS),
FC{MMoMC) 9 PZ{ MMy MC) o PO{ MMy MPO) s CO( MM MPD ) s F(MM) 4 PFO{MF L+ MPO)
FF(MM) s FO(MM4MPO) 4CS(MS) yPS(MFL)4NS1(MS) 4 NS2(MS),
FSS(MS)eNoNSsNPO s ICONVIE+IBUGs X(MMeMC) s XO(MMsMPO) s TITSH(MS,+3),
NHsHIMFL ) o IFLOOR(MM) s T{MTP ¢MFL ) sNFS1(MS) s NFS2(MS) s IT(MB) ¢NTP
oNCO(MM) o JOC{ MMy MPQ) 4 TOUT

DOUBLE PRECISION Py PO,.PS

INTEGER COM

AP Wi e

IUNIT 1 FOR SI UNITS

IUNIT 2 FOR ENG UNITS

WFEN IUNIT = 2 GO TO 100
IF(IUNIT +EQe 2)GO TO 100

BUILDING COMPARTMENT QUTPUT

I=0

IL=0

WRITE(6+800)(TITLE(I),I=1,12)

DO 30 IFF=1,NH

NNN=NCCMP( IFF}

IF(NNN oEQe 0)GO TO 30

DO 29 IC=1,.NNN

I=1+1

NN=NC(1)

NNC=NCO(1)

IL=TL+NN+NNO+2

TF(IL oLTe 51)G0O TO 2
WRITE(6+,800)(TITLE(I),1=1,12)
TL=NN+NNO+2

IF(NN oGTe 6)GO TO 3
WRITE(6+801)IFF ICP(I)4IT(I)4FF(I)
GO TOo 21

DO 20 J=1oNN

JJI=JdC(1e4)

DP=P(JJ)=P(I1)I+PZ(1,J)

CC=C2(1opJ)

IF(DP oLTe 0e)CC=C1(1,4J)

IF(JJ «LEe N)GO TO 10

DO S IS=1,4,NS

IF(JJ oGEe NS1(IS) ¢ANDe JJ oLEe NS2(IS))GO TO 6
CONTINUE

IF(J «GTe 1)GO YO 7
WRITE(G.BOZ,IFF.!C’P(I)vIT(I)vFF(I),(TITSH(IS,K)'K=193)
+ 9IDFsCCeX(141)4,FC(1I,41)

GO TO 20
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12
20
21

23
29
30

32

36
40
41

46
50

&0

SUBROUTINE OUT

WRITE(69803)(TITSH(ISIK)eK=193)9DPsCCeX(IsJ)sFC(1,4J)
GO TO 20 ’
IFJ=IFLOOR(JJ)

CCM=JJ=-SNCOMP (1IFJ)

IF(J «GTe 1)GO TO 12
WRITE(6+804)IFFICP(I)oIT(I)sFF(I)sIFJsCOMDP+sCCoX(T41),FC(Is1)
GO T0O 20

WRITE(6:805)IFJsCOMsDP sCCoX(14J)sFC(1I4J)

CONTINUE

IF(NND oEQe 0)GO TC 29

DO 23 J=1,NNO

JJI=JCC(IeJ)

DP=P0(10J)=-P(1)

CC=C02(1sJ)

IF(DP oLTe 06)CC=CO1(14J)
WRITE(6+806)JJ+sDPsCCeXC(1I+J)eFO(I,9)
WRITE(6¢807)F(1)

CONTINUE

SHAFT OUTPUT

IL=IL+6

DO €0 1S=1,4,NS

N1=NS1(1S)

M2=NS2(1IS)

IL=IL+N2+18-N1

IF(IL oLTe S56)G0O TGO 32

WRITE(6,814)

IL=N2+18-=N1
WRITE(6+808)(TITSH(IS,K)eK=143)oITS(IS),CS(IS)
DO 50 I=N1,N2

NN=NC(1)

IF(NN +GTe 0)GO TO 35
WRITE(6+809)IFLOOR(I)P(I)+FF(I)

GO YO 41

DO 40 J=1oNN

JJ=JC(1eJ)

DP=P(JJ)=P(T)

CC=C2(1eJ)

IF(DP oLTe 0e)CC=C1(1,J)
I1FJ=IFLOOR(JJ)

COM=JJ-SNCOMP (IFJ)

IF(J «GTe 1)GO TO 36
WRITE(E+s810)IFLOOR(I)ePLI)sFF(I)+IFJsCOMsDP4CCys X(T141)sFC(I,1)
GO TCO 40

WRITE(E9811)IFJsCOMDPoCCs X(LsJ)sFC(T1sJ)
CONTINUE

NNO=NCO(1)

IF(NNO EQe 0)GO TO SO

DO 46 J=1.NNO

JJI=JCC(1eJ)

DP=P0O(1oJ)=P(1)

CC=C02(1eJ)

IF(CP oLTe 0.)CC=C0O1(1,J)
WRITE(6+812)JJ9DPoCCoXO(I1+J)sFO(IsJ)
CCNTINUE

WRITE(69813)FSS(1IS)

CCNTINUE
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102

103

108
106

107

110

112
120
121

123
129

SUBROUTINE OUT
GO TO 165
BUILDING DATA OUTPUT FOR IUNIT = 2

1=0

IL=0
WRITE(6+4800)(TITLE(I)s1=1,12)

DO 130 IFF=1.NH

NNN=NCOMP( IFF)

IF(NNN +EQe 0)GO TO 130

DO 129 IC=1,NNN

I=1+1

FFI=F(1)/064719

PI11I=P(1)/24848

FFF=FF(1)/0e4719

NN=NC(1)

NNCO=NCO(1)

IL=IL+NN+NNO+2

IF(IL «LTe S1)G0O TO 102
WRITE(6+800)(TITLE(I)+1I=1,12)
IL=NN+NNO+2

IF(NN oGTe 0)GO TO 103
WRITE(6+,601)IFF,IC,PITTLIT(I),.FFF
GO TO 121

DC 120 J=1+NN

FCCC=FC(10J)/0.4719

JJI=JC(IeJ)
DP=(P(JJ)=P(1)+PZ(1,J))/248.8
CC=C2(1sJ)

IF(DP oLTe 00)CC=C1(1,J)
CC=CC*26119/7(0004019%%kX(IsJ))
IF(JJ oLEe NGO TO 110

DO 105 1IS=1,NS

IF(JJ) oeGEe NS1(IS) ¢ANDe JJ oLEe NS2(IS))GD TO 106
CONTINUE

IF(J «GTe 1)GO TO 107
WRITE(6+4602)IFF,1C,P111,1T(1),,FFF s (TITSH( IS +K) 9K=1,43)
+ sDPsCCeX(I91),FCCC

GO 70O 120
WRITE(Eo€603)(TITSH(ISoK)eK=193)9DPeCCesX(T9J)eFCCC
GO YO 120

IFJ=1FLOOR(JJ)

COM=JJ=SNCOMP (IFJ)

IF(J «GTe 1)GO TO 112
WRITE(6+:604)IFF,ICPIIILIT(I) FFF s IFJsCOMDP4CCoeX(1,41)4FCCC
GO TC 120
WRITE(69605)IFJeCOMeDPsCCoX(I4J)sFCCC
CONTINUE

IF(NNO oEQe 0)GO TO 129

N0 123 J=1,.NNO
FCO=F0O(I¢J)/04719

JJI=JCC(1gJ)
D2=(P0(1eJ)=P(1))/248.,8
CC=C02(1oJ)

IF(CP oLTe 06)CC=C01(1,J)
CC=CC%2e¢119/(06004019%%xX0(I+J))
WRITE(6+606)JJ+DPCCyX0(14+J),,FCO
WRITE(E¢807)FF1I
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* SUBROUTINE oOUT
130 CCNTINUE
C SHAFT QUTPUT FOR IUNIT = 2

IL=1IL+6
00 160 IS=14NS
CSS=CS(1S)/0.02992
FFI=FSS(1S)/0.47190
N1=NS1(1IS)
N2=NS2(1S)
IL=IL+N2+18=N1
IF(IL oLTe 56)GO TO 132
WRITE(6,814)
IL=N2+18=N1
132 WRITE(6o808)(TITSH(ISoK)oK=193)oITS(IS)+CSS
DO 1S5S0 I=N1,N2
FFF=FF(1)/064719
PI1I=P(1)/248.8
NN=NC (1)
IF(NN +GTe 0)GC TO 135
WRITE(6+609)IFLOOR(I)s®111,FFF
GO TO 141
135 DO 140 J=1.NN
FCCC=FC(15J)/044716
JJI=JC(1oJ)
DP=(P(JJ)=-P(1))/248,8
CC=C2(10J)
IF(DP oL To OQ,CC=C1(IQJ)
CC=CC*26119/(06004019%%X(1+J))
IFJ=IFLOOR(JJ)
COM=JJ=SNCCMP(IFJ)
IF(J oGTe 1)GO TO 136
WRITE(64+,610)IFLOOR(I)PIITI,FFF 2IFJsCOMsDP+CCs X(1Is31),FCCC
GO TC 140
136 WRITE(60611)IFJoCOMgIPeCCe X(I9J)eFCCC
140 CONTINUE
14} NNC=NCO(1I)
IF(NND +€EQe 0)GO TO 150
DD 146 J=1,NNO
FOC=F0(1cJ)/0.4719
JJ=J0C(1eJ)
DP=(PO0(14J)-P(1))/248.,8
CC=C02(1o0J)
IF(DP oLTe 04)CC=CCI1(1,J)
CC=CC*26119/(06004019%%kX0(19J))
146 WRITE(6+612)JJsDPsCCyX0(I4J)+FOC
150 CONTINUE
WRITE(E0813)FF1
160 CONTINUE

C
C SUMMARY GQUTPUT
C USER INSERTS WRITE STATEMENTS TO FILE [0OUT
C
165 CONTINUE
RETURN
C
C
Cc FCRMAT STATEMENTS
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* SUBROUTINE O0OUT

C
601 FORMAT(/4X¢13+4110,F13e3,184F12,0)
602 FORMAT(/4Xs1341109F13¢30189F120093X03A69F16e¢39F15e0sF10e2+F11e1)
603 FORMAT{S3X3s3A6sF16e¢3¢F15e0+sF10s24F1141)
604 FORMAT(/4XoI390T10pF13.30189F12¢093XeSHFLOORy13¢12H COMPARTMENT, 13,
1 F1l11e3sF15600F10e2¢F1161)
605 FOFRMAT(53Xe SHFLOOR, I3412H COMPARTMENT, I33F1143+sF15e04F10e2sF11e1)
606 FORMAT(S3X9s17HOUTSIDE DIRECTIONGI3sF14,390F15,09F10.2sF114.1)
606 FORMAT(4X9139F10e3¢F11¢0)
610 FOFMAT(4Xo I3+4F10634F11e0+3XsSHFLOOR+I3412H COMPARTMENT s I3 4F11e3,
1 F1500F10¢29F1161)
611 FORMAT(31XeSHFLOORsI34312H COMPARTMENT ¢ I33F11e3sF15e¢0sF10e2+sF1161)
€12 FORMAT (31X, 17HOUTSIDE DIRECTION +I39F14e¢39F15600F10e29F1141)
8s0¢G FORPMAT(1H1020Xs 12A69 /794 X9 SHADJUSTED /35X s 4HTEMPg 7Xe SHF I XEDe 28X
1 12HDIFFERENTIAL +5X9s4HFLOWs8X+4HFLOW/4X ¢sSHFLOOR¢2X s 11HCOMPARTMENT
2 12X+ 8BHPRESSURE ¢2X ¢ 7THPROF ILE 4SX »4HFLOW e 3Xe 1 6HCONNECTION TO o
312X98HPRESSURE94X911HCOEFFICIENTe2Xo8HEXPONENT 9 SX9 4HFLOW /)
801 FORPMAT(/4Xe1391104F13e1,18,F12,0) .
802 FORMAT(/4Xe I3+1105sF13614183F12¢0+3Xs3A69F16e13F15elsF10e2+sF1141)
803 FORMAT(53X+s3A6+F16e1+sF1541+F10.29F1161)
804 FORMAT(/4X91391100F13e19189F126093XeSHFLOORe 139 32H COMPARTMENT 13,
1 FlleloF1Sel19F10e29F11e1)
805 FORMAT(S3XoSHFLOORsI35s12H COMPARTMENT s I3,F11e¢14F15e15F106e2+F1161)
806 FOFMAT(S3Xo 17HOUTSIDE DIRECTIONSI3sF14¢1sF15e14F10e2,F111)
807 FORMAT(115XsF8els4H NET)
808 FOFMAT(//7/7/720X+3A6//720X +20HTEMPERATURE PROFILFE 213/ 20X,
1 23+SHAFT FLOW COEFFICIENT 2F10.0/7/772Xe8HADJIUSTED/ 24 X9 SHFIXED,
2 28X912HDIFFERENTIALeSXe4HFLOWy 8Xe4HFLOW/ 4 X9 SHFLOOR o 2X ¢ SHPRESSURE o
3 SX94HFLOW3Xe 16HCCNNECTION TOs12X+s8BHPRESSURE4X 41 1HCOEFFICIENT
842X yBHEXPONENT ¢SX9s 4HFLOW /)
809 FORMAT(4Xs I130F10e1¢F11,0)
810 FORMAT(4Xc133F10e1+F116043X+sSHFLOOR,I3,12H COMP ARTMENT, I3,F11.1,
1 F1€.14F10e2,F1141)
811 FORMAT (31X SHFLOORo I3012H COMPARTMENTe I30F11e15F15619F10e29F1161l)
812 FORMAT (31X 17HOUTSIDE DIRECTION oI3sF14e¢1+F15¢193F10e2+Filel)
813 FORMAT(S3XoF8s144H NET)
814 FORPMAT(1H1)
END

EHDOGo P * SUBROUT INE INDUT2 el ol
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* SUBROUTINE INPUT2

@NBS*kPLIB$e SHOW Ae INPUT2
SUBROUTINE INPUT2

THIS ROUTINE DETERMINES IF THE PROGRAM IS TO BE STOPPED
OR IF ANOTHER RUN IS REQUIRED WITH MODIFIED DATA

NNN NOe OF CHANGES

KC 1 FOR FF

KC 2 FOR C

KC 3 FOR CO

KC 4 FOR C BETWEEN 2 POINTS ONLY

W uwn

e NeNeNeNaNeNeNaNs]

PARAMETER MM=2204MS=24MC=4 4MPO=2,MTP=2,MFL=105,MB=10%
COMMON NT, P(MM) s C(MMMC) 4sNC(MM) o JC(MMyMC) o ITS(MS),

FF(MM)oFO(MMsMPO) sCS(MS) +PS(MFL)+sNS1(MS) s NS2(MS),

(S I PV \ VI

o NCO(MM) o JOC( MM MPO) o TOUT
DOUBLE PRECISICN PePO,PS
COMMON /IO/TITLE(12)+I0UTsIUNITNCOMP(MFL ) sSNCOMP(MFL )
CCMMCN /RUN/IRUN
IRUN=IRUN+1
I18U¢=0
) READ(So 700 )NNN
IF(NNN ¢GTe 9)STOP
WRITE(6,600)(TITLE(Y),1I=1,12),IRUN
DO 100 IA=1,NNN
REAC(50700)KCy ISs8B
IF(KC oL Te 1 ¢0ORe KC ¢GTe 4)GO TO 200
8B=¢
IF(KC +EQe 1)GO TO 10
IF(KC oEQe 2)GO TO 20
IF(KC +FQe 3)GO TO 30
IF(KC «EQe 4)GO TO SO
STOP

CHANGE IN FF IN SHAFT IS

- 000

0 N1=NS1(1S)
N2=NS2(1S)
IF(IUNIT +EQe 2)BB=BB*0e44719
D0 15 I=N1,N2
FF(1)=88
15 CONTINUE
WRITE(6¢800)1S,3
GO TO 100

CHANGE IN C FOR SHAFT IS

NAOODO

(4] N1=NS1(1IS)
N2=NS2(1S)
DO 28 I=N1yN2
NN=NC(1)
IFINN oEQe 0)GO TO 28
DO 24 J=1,NN
IFCIUNIT «EQe 2)BB=B%*0e4719/(248¢8%*X(1,1))
C(loJ4)=BB

D32

FC(MMoMC) 9 PZ(MMoMC)oPO(MMyMPO) 9 CO(MMo MPO) o F(MM) g PFO(MF Lo MPO) o

FSS{MS)eNoNS ¢NPOs ICONVEs IBUGs X(MMsMC) 4 XO( MM MPO) , TITSH(MS,3),
NH.H(MFL),IFLODR(MM)oT(MTP»MFL)oNFSl(MS).NFSZ(MS).IT(MB)oNTP



34

SO0 0

44

anooon

51

52

53

54

100

SUBROUTINE INPUT2

JJ=JC(1sJ)

NM=NC(JJ)

o0 22 K=1oNM

IF({JC{JJIeK) ¢EQe 1)GO TO 23
CUNTINUE

C{SJeK)=BB

CONTINUE

ZANTINUE

WRITE{6¢801)1S.B

GO TO 100

CHANGE CO IN BUILDING

IF{IS «GTe 0)GO TO 40
N0 38 I=1,N

NNO=NCO (1)

IF(NNC +EQe 0)GO TO 38
DO 24 J=1,NNO

IFCTUNIT oEQe 2)BB=B*%064719/(24E+8%*X0(15J))
CD(1.J)=88

CONTINUE

CONTINUE

WRITE(60802)8

GO TO 100

CHANGE CO IN SHAFT IS

N1=NS1(1S)

N2=NS2(1S)

DO 48 I=N1gN2
NNO=NCO(T)

IF(NNO EQe 0)GO TO 48
DO 44 J=1,NND

IF{IUNIT +EQe 2)BB=B*064719/(248.8%%X0(1,J))
co(iecJ)=B8

CONTINUE

CONTINUE
WRITE(6,803)1S.8

GO TO 100

NEW C BETWEEN POINTS IS AND JS

REAC(S9700)JS

NN=NC(1S)

DO S1 J=1sNN

IF(JC(ISeJ) «EQe JS)IGO TC 52
CONTINUE

GO TO 200

IF(IUNIT +EQe 2)BB=B*0e4719/(248¢8%*¥X(1SsJ))
C(IsSeJ)=BB

NN=NC(JS)

D0 €3 J=1eNN

IF(JC{JSeJ) «EQe IS)GO TO S4
CONTINUE

GO0 YO 200

C(JSeJ)=BB
WRITE(6980S5)1ISeJS,B

CCNTINUE
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* SUBROUTINE INPUT2
RETURN
200 WRITE(6+804)
STOP
600 FORMAT(///710Xe 12A6/7/10Xe3HRUNe14///)
700 FOF MAT( )
800 FORMAT(10Xe 25HNEW FIXED FLOW FOR SHAFT 2 124,4H 1IS,F8.1/)
801 FORMAT(10Xs16HNEW C FOR SHAFT ,L,12,4H 1SeF8.1//)
802 FORMAT(10Xe 23HNEW CO FOR BUILDING IS oF8e1//)
803 FOFMAT(10Xe 17HNEW CO FOR SHAFT ¢1294H 1SeF8e1//)
804 FORFMAT(//710Xe 21HERROR IN INPUT2 DATA /)
805 FOFMAT(10Xg 14HNEW C BTTWEEN +13,4H ANDsI3,3H IS +F8.1/7)
END
DHDGo P * SUBROUTINE UNITS L1
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* SUBROUTINE UNITS

ANBS*PLIBS« SHOW AUNITS
SUBROUTINE UNITS

THIS ROUTINE CONVERTS VARIABLES HsFF+CyCOsCS TO SI UNITS

e NaNaNe]

PARAMETER MM=2204MS=2,MC=64,MPO=24MTP=2,MFL=105,MB=105

COMMON NT, P(MM) ¢ C{MM 4MC) ¢NC(MM) s JCUMMy MC) 9 ITS(MS),

1 FC(MM¢MC) g PZ{MMoMC) s PO(MMgMPO) 9 CO(MMg MPO ) o FIMM) ¢ PFO(MFLo MPO) »
2 FF(MM)gFO(MMsMPO) ¢CS(MS) 4PS{MFL) +NSL1(MS) ¢NS2(MS),
3 FSS(MS)9NeNS oNPO» ICONVE s IBUGs X (MMoMC) 4+ XO(MM4sMPO) s TITSHIMS+3),
4 NHoH(MFL) s IFLOOR(MM) ¢ T(MTP 4MFL) ¢NFS1(MS) s NFS2(MS)y IT(MB) ¢oNTP
S o NCO(MM)y JOC{ MM MPC) s TOUT

DOUEBLE PRECISION PoP3,PS

DIMENSICN B(4)

DATA B/0e3048:248¢8+004719,0602992/

DO 10 I=1eNH

10 HOI)=H(I)*B(1)

DO 20 I=1,NT

FF(I)=FF(I1)%*B(3)

DD 16 J=1eMC

IF(X(15J) «EQe 0)GO TO 16

BB=B(3)/7(B(2)%*X{(1+J))

C(I,J)=C(1oJ)*BB

16 CCNTINUE

DO 18 J=1oMPO

IF(X0(IoJ) eEQe 0)GO TO 18

BBR=B(3)/(B(2)*%X0(14+J))

CC(I,J)=CO(1,J)%BB

18 CONTINUE
20 CCONTINUE
D0 22 IS=1¢NS
22 CS(1£)=CS(IS)*B(4)
RETURN
ZND
aHIGe D * SUBROUTINE SIMEQ ol
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* SUBROUTINE SIMEQ

DNBS*PL IB$e SHOW Ae SIMEQ

SUBROUTINE SIMEQ

CHOLESKY®'S METHOD OF SOLUTION OF
SIMULTANEQUS LINEAR ALGEBRIC EQUATIONS

aOOON

PARAMETER MM=2209MS=2¢ MC=4¢MPO=2,MTP=2,MFL=105,M8=105
PARPAMETER MBP=MB+1

DOUBLE PRECISICN A¢X

COMMCN /MAT/ A(MByMBP) ¢ X{(MB) 4N

NP1=N+1

ZEPGC=140E-35

K=0

SEE IF A(1.1) 1S ZEROQO
IF SO ADD ANOTHER ROW TO ROW 1
IF(ABS(A(1+1)) «GTe ZERO)GO TO 40
DO 31 I=1,N
IF(A(Iol) eNEe 0e)GO TO 32
31 CCNTINUE
12 WRITE(64804)K
sTCP
32 DO 33 J=1oNP1
33 A(1oJ)=A(14J)+A(1,J)

[aNeNaXs!

CALCULATE UPPER AND LOWER
TRIANGULAR MATRICES OVER ORIG
MATRIX A

40 AA=A(191)
D0 2 J=2yNP1

2 A(l10J)=A(10J)/AA

DO 10 I=2¢N
K=0

[aNaNaNe!

STORE A(Io1) eee A(I,I) IN X ARRAY
IN CASE NEW A(I,1) IS ZERO
ROW I CAN BE RECALCULATED
4 DO 5 J=1p1
5 X(J)=A(1cJ)
K=K+1
DO 106 J=24 NP1
IF(J «GTe 1)GO TO 8
IMI=J-1
AA=0,
00 3 IR=1oJM1
3 AA=AA+A(IoIR)*A(IRLJ)
A(TIoJ)=A(1sJ)=~AA

aNaNeXNs!

CHECK IF A(I.1) IS ZERO
IF SO MULYIPLY OLD KGW I BY 2,

(e e Ne N

IF(1 oeNEe J)GO TO 10
IF(ABS(A(1+,1)) «GTe ZERO)GO TO 10
DO € JJ=1,1

6 A(TIoJJ)=X(JJ)
D0 7 JJ=14NP1
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SUBROUTINE SIMEQ

A(loJ)=2e%A(1eJ)

IF(K «GTe 3)GO TO 12

GO TO 4

IM1=1-1

AA=Q, )

DD 9 IR=191IM1

AA=AA+AL T, TRYI¥A(IRJ)
A{ToJ)={A(TsJ)=AA)/A(1,1)

CONTINUE

END OF CALCULATION OF TRIANGULAR MATRICES

BACKWARD SUBSTITUTICN

X{N)=A(NogNP1)

D0 20 II=2¢N
AA=Qe

I=NP1-11

IP1=1+1

DO 1S J=IP1.N
AA=AA+A( T4 J)%XX(J)
X(I)=A(IosNP1)=AA

FORMAT(///77/7710Xs 16HPROGRAM FAILURE +13/7/77/77)
END

DHDGoP * FUNCTION FLOW olo,1l
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* FUNCTION FLOW

DINBS*OL IB$e SHOW A.FLOW
FUNCTION FLOW(PI 4PJsPZyCoX)
DOUBLE PRECISION PI1,PJ

THIS FUNCTION CALCULATES FLOWS BETWEEN TWwO POINTS

e MaXal

IF(ABS(C) oLTe 0.,001)GO TO 10
DP=pPY~-PI4+PZ
SIGN=1.0
IF(OP oLTe ¢0)SIGN==1,
IF(X oNEe ¢5)GO TO 11.
FLOW=SIGN®XC*SART(SIGN*DP)
RETURN

10 FLOW=0.0
RETURN

11 FLOW=SIGN*C*x( (SIGN*DP)**X)
RETURN
END

MHDGoP * FUNCTION PFLOW oLl
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* FUNCTION PFLOW

DNBS*PL IBS+ SHOW A+PFLOW
FUNCTICON PFLOW{IsP1I)

THIS FUNCTION CALCULATES NET FLOWS INTO POINT I

s NaNaNal

DARAMETER MM=220,MS=2,MC=4,MPO=2,MTP=2+MFL=105,MB=105
. COMMON ZCORR/C1 (MM 4 MC) 4 C2 (MMoMC) 9 CO1 (MMgMPQO)y CO2(MMeMPO)
- COMMON NTo P(MM) 9 C{MMgMC) g NC(MM) ¢ JC(MMgMC) g ITS(MS)e
1 FCIMMgMC)oPZI(MM¢MC)sPO(MMoMPO) ¢CO(MMoMPO) +F (MM) s PFOIMF L, MPO) »
2 FF(MM)sFO(MMyMPO) s CS(MS) 4PS(MFL) sNS1(MS) s NS2(MS),
3 FSS(MS)'N.NS'NPO’!CONV.E'IBUG'X‘MM'MC)'xo(MM!MPO)'TITSH(MS'3)'
4 NHoeH(MFL) s IFLOOR(MM) s T(MTP 4MFL ) sNFS1 (MS) s NFS2(MS)e IT(MB) eNTP
S o NCO(MM) ¢ JOC( MMg MPQ) o TOUT
DOUBLE PRECISICN PyPOPS,PI
NN=NC(1)
SUM=0.
IF(NN +EQe 0)GO TO 3
DO 1 JJ=1+NN
J=JC(1eJJ)
CC=C1(1oJJ)
IF(FTI oLTe P(J)ICC=C2(1,4))
PZZ=PZ(1+JJ)
IF(] «GTe NIPZZ=0e
FC(IoJJ)=FLOW(PIP(J)IPZZHCCaX(IsJJ))
1 SUM=SUM+FC(14JJ)
3 NNC=NCO(1)
IF(NNO «EQe 0)GO TO 4
DO 2 K=14+NNO
CC=CO01(1eK)
IF(PT oLTe PO(I,LK))CC=CO2(IsK)
FO(IoK)I=FLOW(PIZWPO(I+K)s04+CCeXO(IsK))
2 SUM=SUM+FO(I,K)
4 PFLOW=SUM+FF(1) .
IF(] oLEe NIF(I1)=SUM+FF(1)
RETURN
END

DHDGe P * FUNCTION PSFLOW elol
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* FUNCTION PSFLOW

DNBS*PL IBS.SHOW AsPSFLOW
FUNCTICN PSFLOW(ILPI)

THIS FUNCTION CALCULATES NET HORIZONTAL FLOWS
INTO A FLOCOR OF A SHAFT

s e NeNaNs!

PARAMETER MM=220sMS=24MC=4 {MPO=2,MTP=2,MFL=105,MB=105
COMMON /CORR/C1(MMoMC) 3 C2(MMMC)eCO1(MMaMPO)eCO2(MMeMPO)
COMMON NT, P(MM) g C{MMoMC) ¢ NC(MM) g JC(MMgMC) 9 ITS(MS)
FC(MMoMC)oPZ(MMyMC) 4y PO(MM¢MPO) s CO{ MMy MPO) s F(MM ), PFO(MFLsMPQ) ,
FF(MM) oFO(MMy MPQO) 3 CS{MS) yPS{MFL)9NS1(MS) ¢ NS2(MS),
FSS(MS)eNoNS ¢NPOs ICONVIE s IBUGs X(MM4MC) o XO( MM MPO) s TITSH(MS,3),
NHoH(MFL) s IFLOOR(MM) ¢y T(MTP sMFL ) s NFS1 (MS) ;NFS2(MS)s IT(MB)oeNTP
o NCO(MM) o JOC( MMo MPO)
DOUBLE PRECISION PoPO+PS,P1
NN=NC(1)
SUM=0.
IF(NN oEQe 0)YGO YO 3
DO 1 JJ=1,NN
J=JC(1o4J)
CC=C1(1eJJ)
IF(PI oLTe P{(JI)ICC=C2(1,+JJ)
1 SUM=SUM+FLOW(PI 4P {J) 90, CCeX(I,4JJ))
2 NNC=NCO( 1)
IF(NNO oEQe 0)GO TO 4
DO 2 K=1,NNO
CC=CO01(IeK)
IF{PI +LTe PO(I,,K)ICC=CO2(I,K)
2 SUM=SUM+FLOW(PI sPO(I+K)s04CCsX0(1I+K))
4 PSFLOW=SUM+FF (1)
RETURN
END

(S NPV \V I ]
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